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ADVERTISEMENT. 



The Institation is not^ as a body, responsible for the facts and 
opinions adranced in the following Papers read, and in the 
Abstracts of the Conversations which occurred at the Meetings 
daring the Session. 
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In presentmg their Annual Report^ the Council have to congratulate 
the meeting on the dose of the third successful year of the establish- 
ment of the Institute. There are now comprised in the roll of its mem- 
bers the names of gentlemen resident not only in Northumberland and 
Durham, but also in Yorkshire, Lancashire, Derbyshire, Staffordshire, 
Warwickshire, Somerset, Monmouthshire, CSumberland, Gloucestershire, 
Shropshire, and North and South Wales, so that the Institute represents 
in its own body all the principal mining districts of England and Wales. 
Thus has been ab-eady accomplished one of the leading and most im- 
portant objects which called the Society into existence, that of establish- 
ing a communication between the several mining districts, and enabling 
each to acquamt itself with the peculiar, and in some cases superior, 
practice of the others. The meeting will probably agree with the Council 
that from the new species of circulation thus produced of the mining 
knowledge and talent of the country, the most valuable consequences 
may be expected to result It is to the Institute that the initiation of a 
design so comprehensive is due; and a firm hope may be expressed that 
the Institute will continue to be the persevering and successful medium 
of perpetuating its own good work. 

During the past year the Society, besides numerous verbal discussions 
on various topics, have had papers and documents read or communicated 
on the following subjects* 

Analysis of the Strata of the Coal Formation, by H. Taylor, Esq., 
communicated by Thomas John Taylor, Esq. 

Account of the Coal Formations of Erekli and Radosto, with Speci- 
mens, by H. 6. Longridge^ Esq. 
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The Theory of the VentOatdon of MineB, bj J. J. Atkinaon, Esq. 

On Practioe of Oas at Blowers, by P. S. Beid, Esq. 

Analysis of the Specimens of Goal accompanying Mr. H. 6. Long- 
ridge's Paper, by Dr. Richardson. 

Communications from Messrs. Grant on the subject of their Patent 
Safety Cages. 

On the CouTeyance of Coals Underground, by N. Wood, Esq., Presi- 
dent of the Institnte. 

Abstract of Mr. l!. Y. Hall's lift of Pits in the Great Northern Coal 
Field. 

A Vertical Section of the Coal Measures of Lanarkshire, presented by 
Balph Moore, Esq. 

Several Volumes of the Mining Journal, presented by William Anderson, 
Esq. 

A Practical Treatise on Mining Sngineering, presented by t&e Author, 
George C. Ghreenwell, Esq. 

m 

The Council recommend to the Listitnte the adoption of a mOris bjs- 
tematic method of reciprocating with other Sdentifio Institutions. The 
three Vdumes of Transactions which will shortiy be pnb&hed, contain, 
it may fiurly be affirmed, a massof inftnnation wdl worthy of the notice 
of such Institutions, and, therefiore, entitling the Society to expect an inte^ 
change. On this ground the Council advise that oommuaioations be 
addressed to the leading National and Continental Scientific Bodies offering 
to exchange publications. To a certain extent this has been abeady done; 
but not in the most effective manner, nor indeed, with the same induce- 
ments that the improved position of the Society enables it now to o£Eer. 

The Council also advise the extension of the Library of the Institute, 
now that rooms are prepared fat its reception : and would draw attention' 
to the resolution enabling Members to recommend books or documents 
to be purchased, if approved by the Council : a privilege which, it is 
hoped, will be more extensively used by individual Members. The Council 
may here mention that an (^portunity is now afforded of securing a 
collection of the fbssib of the coal formation, which is the more valuable 
as being the one that furnished the illustrations to ^'Lindley and Hut- 
ton's Fossil ^ora.'' As this subject will be discussed in the meeting sub- 
sequently to the reading of the Beport ; the Council content themsdves 
at prssent with drawing attention to the subject; and with expresong 
a hope, that this collection will not be permitted to quit the district to 
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which it so properly belongs, and which, they understand, is likely to be 
its fate, unless the Society inter£are to prevent it 

The project of the establishment of a College of Mining and Manu- 
facturing Science has been already before this society. It was also 
brought before the Goal Trade of these districts generally, by the diffu. 
sion of the Report read on the occasion of the last anniversary, and re- 
ceived the unanimous and cordial approbation of the trade at a general 
meeting. It was, however, of course, one of the condoaions to which the 
Council came, on considering the subject, that such an establishment, to 
be successful, must be of an enlarged and even national character. And 
as a del^ation, representing the Coal Mining interests ct the kingdom 
at large, assembled in London, in the course of the summer just passed, 
it was deemed a fstvourable opportunity for bringing the subject before 
that meeting, with a view to obtain their concurrence in the proposed 
measure. This was done, accordingly; and the subject was brought 
before the delegates, together with such Members of ParUament as hap- 
pened to be present, by the gentlemen representing, on that occasion, the 
Goal Mining interests of this district. 

The gentlemen present from various parts of England, connected with 
the Coal and Iron Mining interests, were quite alive to the strength of 
the motives for founding, if possible, such an institution upon a broad 
and firm foundation; and in accordance with this feeling, a resolution 
was unanimously agreed to, expressive of their concurrence in the pro- 
posed design. A* committee was also appointed, composed of gentlemen 
representing the Mining interests, to whom the duty was allotted of 
making the project known in the several districts, and again meeting for 
the purpose of discussing and agreeing upon the necessary details, and of 
embodying the plan, so matured, in the shape of a Prospectus, to be 
submitted to the Mining and Manufacturing interests of Great Britain. 
Such is the position which a project, originated by this Society, and fos- 
tered by the approval of the Coal Trade of Northumberland and Durham, 
has taken. 

For the Financial position and prospects of the Society the Council 
refer to the Report of the Finance Committee, and recommend the adop- 
tion of the measures which have been already adverted to, as being cal- 
culated to add to the funds of the Society, and thus to increase its means 
of utility. 

The Council especially recommend that application be made to the 
owners of those collieries whose subscriptions have not yet been received. 

b ' 



In conclusion^ the Gonncil cannot but congratulate the Society at the 
close of this third year of the Institution upon the progress made by it — 
a progress which has extended the ramifications of the Society throughout 
the entire Coal Mining districts of England and Wales. Of the purposes 
which led to its establishment none have been lost sight of, and all have 
been more or less realized. 

An increase of 21 members has taken place during the past year; the 
total nimiber of ordinary members being now 159; and of honorary 
members^ English and Foreign; 13. 

August 2ndy 1865. 
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TO THE MEMBEBS OF THE NOBTHERN INSmTUTB OF IGNINO 

enoiiyeebs. 

Gentlemen, 

We have much pleajsnre in bringing the results of the 
third year of the Society's operations to your notice. 

It appears from the Treasurer's accounts that the cash outlay for the 
year ending July 31, 1856, amounts to £292 17s. 6d,, and the income 
from various sources to £616 16s. 8d., leaving an amount in the hands of 
the Treasurer of £823 17s. lOd. 

The liabilities, as per annexed balance sheet and general statement, 
woidd appear to amount to £58 19s. Od., and the assets of various kinds 
to be of value £557 6s. lOd., leaving a balance in favour of the 
iuture of £498 6s. lOd. 

We should recommend (with the view of securing the Society's pro- 
perty against risk of loss by fire), that such a sum be fixed upon as the 
probable value of its property each year, in the premises which are 
granted by the Goal Trade, which insurance must keep pace with the 
position of the Institute, as will effectually maintain it from loss such as 
it narrowly escaped during the past year. 

We think, also, that the Minutes of the Council, with regard to the 
Collection of Books, should be acted upon without delay, as so few 
standard works upon mining are yet on the shelves of the Library. 

We should also advise the publications of the Society to be more 
freely advertised, with view of the timely realization of assets, so as not 
to accumulate these matters to too great an extent. 

Probably a Sub-committee, to include the Treasurer and several mem-^ 
bers of the Council, to be called the Library Committee, two of which 
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should be empowered to act, would be the best way of attaining this 
resiJt And we would advise that the whole care of the Society's Papers, 
with that of collecting fresh works of interest^ Models^ Specimens, &c., 
&c.; be given to the Committee; provided that its appointment should 
be approved of. 

Concluding with the observation that publicity is the great secret of 
success to an institution such as yourS; we should recommend every exer- 
tion to be used in making known its objects, not only with regard to the 
increase of its members, but also with the view of securing the co-opera- 
tion of Coal Owners from distant parts, who, both as regards the true 
interest of their collieries and the welfare of their workmen, are certain 
to become supporters of your society, when its wants and objects are 
more fnlly known and appreciated. 

We believe that wherever the Institution has been spoken of, both in 
this country and abroad, the opinion of its efforts and aims has excited 
much interest, which has been unanimous in its favour. 

Leaving the further elucidation of the Society's position to the able 
Report of the Council, 

We are, Gentlemen, 

Your obedient servants, 

WILLIAM BARKUS, 

P. S. REID, 

EDW. F. BOYD, Treasurer. 
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His Grace the Duke of Northumbebland. 

The Right Honourable the Earl of Lonsdale. 

The Right Honourable the Earl Gret. 

The Right Honourable the Earl of Durham. 

The Right Honourable Lord Wharnouffe. 

The Right Honourable Lord Ravensworth. 

The Right Reverend the Lord Bishop of Durham. 

The Very Reverend the Dean and Chapter of Durham. 

The Venerable Archdeacon ThorpE; the Warden of Durham 
University. 

Wentworth B, Beaumont, Esq. 
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125 Storey, T., St. Helen's Auckland, Bishop Auckland. 

126 Stannier, F., Manor House, near Stoke-upon-Trent, Staffordslure. 

127 Smith, J., Thornley Colliery, Durham. 

128 Smith, F., Bridge water Canal Office, Manchester. 

129 Seymour, M., South Wingate, Ferry Hill. 

130 Stephenson, R., M.P., 24, George Street, Westminster. 

131 Sanderson, R. B., jun.. West Jesmond, Newcastle. 

132 Sopwith, T., AUenheads, Haydon Bridge. 

133 Stott, R., Ferry Hill. 

134 Stenson, W., Whitwick CoUiery, Ashby-de-la-Zouch. 

135 Stenson, W., jun., Whitwick Colliery, Ashby-de-la-Zouch. 

136 Sinclair, E., Tredegar, Ne^-port, Monmouthshire. 

137 Straker, J., South Shields. 

138 Taylor, H., Earsdon, Northumberland. 

139 Taylor, T. J., Earsdon, Northumberland. 

140 Taylor, J., Haswell Colliery, Durham. 

141 Telford, W., Cramlington, Newcastle. 

142 Todd, H. W., Mickley Colliery, Newcastle, 

143 Thomjis, W., Bogilt, Holywell, FHntshiie. 
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144 Thompson, T. C, Eirkhouse, BramptoO; Gamberland. 

145 Trotter, J,, Newnani; Gloucestershire. 

146 Vaughan, J., Middlesbro', near Stockton. 

147 Ware, W. H., The Ashes, Stanhope, Weardale. 

148 Walker, J., Lakelock, Wakefield, Yorkshire. 

149 Wales, T., Dowlais Iron Works, Merthyr Tydvil, Wales. 

150 Wood, N., Hetton Hall, Fence Houses. 

151 Wood, G. L., Blackboy Colliery, Bishop Auckland. 

152 Wood, W., Trimdon, Trimdon Colliery, Hartlepool. 

153 Wales, J., Hetton Colliery, Fence Houses. 

154 Watson, W., High Bridge, Newcastle. 

155 Wilson, J. B., Haydock Bope Works, near Warrington, Lancashire. 

156 Woodhouse, J. T., Midland Hoad, Derby. 

157 Walker, T. jun.. High Street, Maiyport 

158 Watney, A., Gwendraeth, Iron Works, Carmarthenshire. 

159 Witham, Rev. Thos., Lartington Hall, Barnard Castle. 
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1. — That the Members of this Society shall consist of Ordinary 
Members^ Life Members^ and Ilonoraiy Members. 

2. — ^That the Annual Subscription of each Ordinary Member shall 
be £S 3s. Od., payable in advance, and that the same shall be considered 
as due and payable on the first Saturday of August in each year. 

3. — ^That all persons who shall at one time make a Donation of 
£20 or upwards^ shall be Life Members. 

4. — Honorary Members shall be persons who shall have distin- 
guished themselves by their Literary or Scientific attainments^ or made 
important communications to the Society. 

5. — ^That a General Meeting of the Society shall be held on the 
first Thursday of every month, at 1 o'clock p.m., and the General Meeting 
in the month of August shall be the Annual Meeting, at which a report 
of the proceedings, and an abstract of the accounts of the previous year, 
shall be presented by the Council. A Special Meeting of the Society 
may be called whenever the Council shall think fit, and also on a requi- 
sition to the Council, signed by ten or more Members. 

6. — No alteration shall be made in any of the Laws, Rules, or 
Regulations of the Society, except at the Annual General Meeting, or at 
a Special Meeting ; and the particulars of every alteration to be then 
proposed shall be announced at a previous General Meeting, and inserted 
in its minutes, and shall be exhibited in the Society's meeting-room 14 
days previously to such General Annual or Special Meeting. 

7. — Every question which shall come before any Meeting of the 
Society shall be decided by the votes of the majority of the Ordinary 
and Life Members then present and voting. 

8. — Persons desirous of being admitted into the Society as Ordi- 
nary or Life Members shall be proposed by three Ordinary or Life Members, 
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or both, at a Greneral Meetdng. The proposition shall be in writing, 
and signed by the proposers, and shall state the name and residence of 
the individual proposed, whose election shall be ballotted for at the next 
following General Meeting, and during the interval notice of the propo- 
sition shall be exhibited in the Society's room. Eveiy person proposed 
as an Honorary Member must be recommended by at least five Members 
of the Society, and elected by ballot at the General Meeting next suc- 
ceeding. A majority of votes shall determine every election. 

9. — ^The Officers of the Society shall consist of a President, four 
Vice-Presidents, and twelve Members who shall constitute a Council 
for the direction and management of the affairs of the Society ; and of 
a Treasurer, and a Secretary ; all of whom shall be elected at the Annual 
Meeting, and shall be re-eligible. Lists containing the names of all the 
persons eligible having been sent by the Secretary to the respective 
Members, at least a month previously to the Annual Meeting; — the 
election shall take place by written lists, to be delivered by each voter 
in person to the Chairman, who shall appoint scrutineers of the lists ; 
and the scrutiny shall commence on the conclusion of the other business 
of the meeting. At meetings of the Council, five shall be a quorum, 
and the record of the Council's proceedings shall be at all times open to 
the inspection of the members of the Society. 

10. — ^The Funds of the Society shall be deposited in the hands of 
the Treasurer, and shall be disbursed by him, according to the direction 
of the CounciL 

11. — The Council shall have power to decide on the propriety of 
communicating to the Society any papers which may be received, and 
they shall be at Uberty, when they think it desirable to do so, to dii'ect 
that any paper read before the Society shall be printed. Intimation shall 
be given at the close of each General Meeting of the subject of the paper 
or papers to be read, and of the questions for discussion at the next 
meeting, and notice thereof shall be affixed in the Society's room 10 days 
previously. The reading of papers shall not be delayed beyond 3 o'clock, 
and if the election of members or other business should not be sooner 
dispatched, the President nmy adjourn sucli business until aftor the 
ilij»cus3ion of tLe subject for tho day. 
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GENERAL MEETING, THURSDAY, SEPTEMBER Tth, 1854, IN THE ROOMS 
OP THE INSTITUTE, WESTGATE STREET, NEWCASTLE-UPON-TYNE. 



Nicholas Wood, Esq., President op the Institute, in the Chair. 



Hr. DouBLEDAY, the secretary, having read the minutes of the last 
general meeting, and also of the council. 

The President said, that the first business of the meeting was the 
consideration of the proceedings of the Council, and the only subject 
which required any discussion was the recommendation made of having 
detached copies of the proceedings of the last meeting, together with the 
Beport, printed separately from the volume of the proceedings of the 
Institate, and circulated among the members generally, and also sent 
to other parties who took an interest in the proceedings of the Institute ; 
he thought it a very advisable measure, and if no observations were 
made on the subject, he would take a show of hands upon it. Agreed to 
unanimously. 

Mr. T. Y. Hall moved, and Mr. T. J. Taylor seconded the nomina- 
tion of Mr. Joseph Cowan, Blaydon Burn, as a member of the Institute. 

Mr. Wynne recommended, and Mr Edward Sinclair seconded, the 
nomination of Mr. Charles Jones, of Lille Hall Iron Works, and Mr. 
Browne, of Overseal, Ashby-de-la-2i0uch, as members of the Institute. 

The President begged to observe, for the future information of mem- 
bers generally, with reference to new members being proposed, that there 
was a role applicable to that part of their proceedings, which was as follows, 
Vol. III.— Sept., 1854. b 



that^ '^ Persons desirous of being admitted into the Society as ordinary 
or life membeis, shall be proposed by three ordinary or life members, 
or botb^ at a general meeting. I'he proposition shall be in writing, and 
signed by the proposers, and shall state the name and residence of the 
individual proposed, whose election shall be ballotted for at the next fol- 
lowing general meeting ; and that during the interval notice of the pro- 
position shall be exhibited in the Society's room." Heretofore they had 
no room to exhibit the names of parties proposed, but the Institute 
having now got one, he thought it was necessary that the above rule 
should be carried out hereafter ; and that being so, they had better begin 
with those gentlemen who had just been proposed. He therefore sug- 
gested, that the names of those gentlemen be placed in their room, and 
that at the next meeting their admission be subject to a ballot. 

The suggestion of the President was then assented to, and in future 
the names of all parties, proposed as members, will be exhibited ac- 
cording to rule. 

The President next remarked, that he thought it would be in the 
recollection of all the members present, that at the annual meeting he 
stated, owing to the temporaiy indisposition of Mr. Taylor, the report 
of the Council of last year's proceedings had not been drawn up. He 
(the President) was glad to see Mr. Taylor among them that day, quite 
recovered, and in 'good spirits, with the Report which would then be read- 
Mr. DouBLEDAY, the secretary, then read the Report. 
The President then moved that the Report just read be received 
and adopted, which was carried unanimously. 

The President, after stating that the next subject for consideration 
was the Paper of Mr. T. Y. Hall, " On the Extent and Probable Duration 
of the Northern Coal Field," proceeded to remark, that the Institute was 
much indebted to Mr. Hall for his very elaborate Paper, which con- 
tained a little of every subject relating to their coal field, and comprised 
a selection of very useftil information. He should be glad to hear any 
observations on it from any gentleman present. He thought discussion 
a subject of great importance, inasmuch as the Paper contained a 
maps of statistical information of every locality. It was therefore de- 
sirable that a document of this description should have the most careful 
consideration, so that if there appeared to be any eiTors in it, they might 
be coiTect^d by such discussion, which would bo circulated with the 
Paper itself. Looking at the wide and discursive nature of the com- 
munication, it was not unhkely that a few inaccuracies might exist ; and, 
therefore, if corrected by the members acquainted with the localities, it 



would render the Paper more useful. Such a course^ besides being de- 
sirable^ did not detract in any degree from the merits of the Paper. 

Hr. Hall said, that when he was in Austria the Paper was in the 
printer's hands, and part of which he never had the opportunity of cor- 
recting until it was sent to him in that country. On glancing over the 
proo& he discovered a few inaccuracies, upon which he immediately 
wrote to the secretary, apprising him of them, and begged that he would 
lay the matter before the Council, in order that they might be corrected. 
Part of the errors were connectecl with the coal field, and others consisted 
of some figures misplaced opposite the names of the iron works, 
all of which had since been corrected. As, however, the members had 
got their copies, he proposed to reprint four pages containing the 
corrections, which, with the appendix, could be placed at the end of the 
Paper. Each member, therefore, before he got the entire proceedings of 
the year bound could easily take away the incorrect, and place the cor- 
rected pages instead of them. 

The President here gave instructions to the secretary to transmit to 
every member a copy of the corrected pages; after which he proceeded to 
say that there were two or three statements which, being matters of opinion, 
he begged to make an observation or two upon. In the first place, in 
forming a calculation of the extent of the coal field, Mr. Hall set it forth 
to be 700 square miles ; while Mr. Hugh Taylor made it 83? square 
miles; Mr. R. C. Taylor, another writer on the same subject, makes it 
780 square miles. In his opinion, he was inclined to say that Mr. Hugh 
Taylor's estimate was the most correct, and that Mr, Hall's was too low. 

Mr* T. J. Taylor begged to observe, that the estimate of Mr. Hugh 
Taylor, just referred to, was made about 25 years ago, and it did not take 
in the portions under the sea. 

The President resuming — Another point to which he would take the 
liberty of adverting, was respecting the dip and rise of the strata. Mr* 
HaD, in page 108, says " The coal measures slope or dip from the out- 
crop towards the sea, from Widdrington Castle, on the North Coast, to 
Castle Eden, near Hartlepool, in a south-easterly direction." And again, 
in page 129, " As the coal measures dip towards the sea, in a south- 
easterly direction from the general line of outcrop which varies in dis- 
tance proceeding for the sea westward." Fi*om those quotations, an im- 
pression would be made that the strata of the coal field dipped from the 
westward in a south-east direction to HEirtlepool and Castle Eden ; that, 
however, was not a correct delineation of the position of the beds of the 
coal field. The coal field of Durham and Northumberland was, in fact, 



6 

of a basin-like sbape^ cut through by the line of the coast in almost the 
centre or neai*er one edge of the basin. An inquirer standing with his 
back to the sea at about the mouth of the harbour at Sunderland, and 
looking towards Jarrow, on the Tyne, would be looking along the line 
of deepest depression of the strata ; such line rising gradually from 
Sunderland towards the north and west, and from eveiy point of that 
line of deepest depression the strata rises at right angles to the sea on 
the one hand and to the west on the other. Tins line of deepest depres- 
sion is called the '^swally/' rising along its line to the north-west, and 
dipping towai*ds the south-east ; while, along the coast to the north, and 
to the south the strata rises, more rapidly to the north as being at a 
greater angle from the line of deepest depression, and less towards the 
south as being at a less angle therefrom ; hence, along the line of coast 
on each side of this line, towards the south and west on the one side, 
and also towards the north and west edge of the basin on the other, the 
strata gradually, but regularly, (except where disturbed by dykes or 
faults) rises and crops out to the surface, or into the super-incumbent, 
unconformable, magnesian limestone. 

Mr. Hall — I made a similai* remark in my Paper, excepting that I 
went a Uttle further south than the President. I know the seam begins 
to rise south as stated, but then there must be a level from that point 
to Ryhope, which I consider to be the deepest. 

The President replied, that he did not find in Mr. Hall's description 
any allusion to this. 

Mr. Hall — Because he would find it in the Appendix. 

The President — ^The appendix has not yet been circidated, but the 
deepest part of the coal field was certainly between Monkwearmouth and 
Ryhope, and from that point as a centre, it radiated north-west, and south 
from the sea-coast; but how fax* the basin continued into the sea was not 
yet ascertained. But the deepest known point was near Monkwearmouth. 

Mr. Barkus — On the north-side of the river the coal was very flat 
and appeared to be the bottom of the basin, and probably it was, as it 
took its rise from that point to the sea. 

Mr. Boyd — ^There was a rise towai'ds the sea from South Shields. 

Mr. T. J. Taylor — ^A calculation had been made in the sinking at 
Ryhope for a rise in that direction from Wearmouth. 

The President — It was not a correct basin, as there was a " swally" 
from Wearmouth, passing through Jarrow Slake imtil it came to the 
Great Dyke ; crossing which there was a continuation of the '' swally,' 
but not quite in the same direction. 
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Hr. T. y. Taylor supposed that tbat might be attributable to a local 
alteration of the Dyke. 

Mr. Hall — ^The estimate I made dipped towards Monkwearmouth. 

Mr. T. J. Taylor thought the deepest point was not at Monkwear- 
mouth, but further east. 

Mr. Hall — ^That is exactly my view of the subject. 

The President — Certainly, but every part of Ryhope was at a less 
depth than Monkwearmouth. 

Mr. Hall — But Mr. Taylor and Mr Forster thought different, as 
well as himself. 

The President certainly was sorry to differ from three gentlemen of 
such acknowledged talents. All that he felt anxious about was that 
the most correctly ascertained facts should go forth in the proceedings of 
the Institute. He was quite sure that such an interchange of opinions 
would not detract from the merits of Mr. Hall's Paper; they might be 
the means of making it more accurate and useful. Another point to 
which he would next allude was with reference to the Dykes, which, on 
the map, were generally extremely correct, but there were some little 
inaccuracies. With respect to the Butterknowle Dyke, the Gordon 
Colliery was on the north-side of it, while the plan showed it as on 
the south-side. Also, as regards Westerton Colliery, which was about 
SCO yards south of the Dyke, while on the plan it was about the same 
distance north of it. Such inaccuracies, upon the whole, were not nu- 
merous, but it was desirable they should be pointed out. In looking 
over the map, another matter also took his attention, which was the dis- 
tribution of the districts into different descriptions of coal, an object of 
great importance, as it would tend to convey information to parties at a 
distance, but this the map failed to give. He perceived that the household 
coals of the Tyne were laid down as existing only on the north-side of 
the Great Dyke, while on the south-side (designated No. 4), and where 
household coals had existed in the greatest perfection, Mr. Hall had 
omitted to colour that as household coal. He alluded particularly to the 
Wallsend district. ' 

Mr. Hall replied, that he considered it of no use shading that part 
of the Map, as all the household coaLs at the best seams at Wallsend and 
other collieries connected with tbat portion of the coal field had been 
worked off. 

The President, however, thought it; ought not to be allowed to go 
abroad tbat the famous Wallsend district had been neglected. Again, 
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he also thought that it would have been better to have enumerated and 
distinguished the characteristics of the coal field by seams rather than 
bj the different qualities of the cool. Take the Hutton seam for 
instance. In the southern part of the coal field the Hutton seam was the 
best household coal, as at HettoU; Haswell, Stewart's, &c. Proceeding 
northward until thej came to the north side of the Wear, it became the 
best gas coal as at Springwell, Heworth, Usworth, <&c. Further north it 
became the best steam coal, as at Gramlington, Seghill, Cowpen, &c, FiX)m 
thence at right angles they might pursue their examination into the coking 
district, as at Marley Hill, where it became a coking coal, in each of 
which places it was famous for the particular quality of the particular 
locaUty, but in no one locality did it partake of all the different quaUties* 
Then the High Main seam never varied in quality, wherever it was found its 
quality was a household coal, from Earsdon at the extreme north. South- 
wards to Wallsend, Hebbm-n, and to the Wear, still its character was 
the same. Then the same was the case with the Bensham seam, as 
at Harton and Hilda and southward all the way from Monkwear- 
mouth to Ryhope and Seaham ; so that although the household coals 
were coloured on the map as confined to the north-side of the Great 
Dyke, yet in reality they extended from Earsdon on the north into the 
Seaton and extreme southern district, throughout the whole extent of the 
coal field, so that if some explanation had not been given an 
enoneous impression would be produced by parties supposing that the 
household coals were limited to the colours on tlie plan. The same 
remarks might apply to the coking district. There was a seam at Thorn- 
ley colliery, in the Hartlepool district, which was used as a coking coal, 
called the " Harvey Seam." The same seam exists at Whitworth and 
Byer's Green, and on the Tees, while the name was given to this seam on 
the Tyne where it was also a coking coal. This quality of coal could> 
therefore, scarcely be said to exist in any particular district, as it seemed 
to extend through districts where both gas and household coals existed. 
He, therefore, was inclined to think that it would have been better if the 
separate seams had been delineated rather than the divisions into the dif- 
ferent qualities adopted on the plan. He trusted that some member of 
the Institute would be induced to furnish the society with a series of 
maps coloured in seams, in the manner described. 

Mr. T. J. Taylor thought such a plan could not be gi^en unless 
one plan was devoted to each seam or bed of Coal. 

The President again remarked how much the Institution was indebt- 
ed to Mr. Hall, as he had laid the foundation of an attempt to delineate 
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the different descriptions of coal in the coal field; but which were too nu- 
merous to be sketched clearly and distinctly on one plan. 

Hb. Hall begged to say that instead of the various ])lans for the 
different seams^ he was preparing sections similar to what was alluded to 
in chap. XIY^ to enable him to complete a model of the north coal field. 
The Appendix, then in the printer's hand, would give a further description, 
with the numerous levels of stations and pits; and thus, with what they 
already proposed, together with the government levels, a model might be 
made pretty complete. Nothing else but a model could describe the 
coal field. 

Mr. T. J. Taylor here introduced a stranger from the West Riding 
of Yorkshire, whom he thought would ofifer a few remarks on the present 
subject — ^The gentleman's name is Mr. Hartop. 

Mr. Hartop then rose, and addressed the meeting. — He observed 
that as Mr. Taylor had alluded to him as a stranger, and also perceiving 
the great interest taken in the subject alluded to by the President and 
others, perhaps a few observations from him might tend to throw some 
light on the subject. If he were allowed to refer to the Yorkshire coal 
field, he flattered himself that he could clearly show that they were in a 
similar condition to their own district. He read a Paper twelve years 
ago which tended to remove the idea that coals lay in basins in large 
quantities: for it so happened that he had the direct management of 
various coal and iron mines in Derbyshire and Yorkshire, up to the mag- 
nesian limestone above Leeds. He therefore was conversant with that 
entire district, and could show then the advantages of tracing coal and 
ironstone by the water level, particularly in the mountainous districts. 
Mr. Hartop then entered at some length into an explanation of the re- 
sults of tracing the water levels in Yorkshire, but as he illustrated his 
observations by occasional diagrams formed hastily on the table, it was 
impossible to give his remarks consecutively. He however was under- 
stood to attempt to prove that the Yorkshire coal field was not a basin 
but that it was a continuous coal field, extending itself northwards until 
it connected itself with the Great Northern Goal Field of Durham. 

The President, as well as Mr. Taylor, doubted the position of Mr. 
Hartop as being able to form a continuous connection between the two 
coal fields, but if he could prove it they would be very glad to have a paper 
on the subject firom him, which would be highly acceptable to the Institute. 

The Presideitt then observed that they were much indebted to Mr. 
Hartop for his remarks, and hoped that he would be induced to &vour 
the Institute with a paper on the Yorkshire coal field. 
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Mr. Hartop had already published a paper on the subject^ which was 
in the Yorkshire Geological Society. 

The President called attention to the paper of Mr. Hedley, but as 
that gentleman was not present he thought it advisable to postpone the 
discussion upon it. Any remarks on Mr. Greenwell's paper he supposed 
also, must be postponed for the same reason. 

Mr. T. J. Taylor then read the followmg paper ^^ On the Analysis of 
Rocks," by Hugh Taylor^ Esq.; Gramhngton. 

The meeting then adjourned until the first Thursday in October. 



/ 
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ANALYSES OF EOCKS 



OP Tin 



COAL FORMATION 



BY HIIGH TAYLOR, Esq., CRAMLINGTON. 



COXXUiriCATED TO THE INSTITUTE BT 
MR. T. JOHN TAYLOR. 



Up to a very recent period the attention of geologists lias scarcely 
been directed to the facts which chemi^ry is capable of supplying in 
support of the doctrines of their science, although it admits of no doubt 
that the analysis of rocks and comparison of their chemical characters 
may, in many instances, materially contribute to the solution of its pro- 
blems, or to the determination of disputed points. Of late, however, the 
chemical investigation of the volcanic rocks of Iceland and of some other 
districts has led to interesting results, and though the stratified rocks in 
Some respects afford a Itss promising field of inquiry, much valuable in- 
formation may be derived from a knowledge of their chemical composi- 
tion.* In regard to this class of rocks, we are still almost entirely des- 
titute of chemical information ; and, under these circumstances, I venture 
to hope that the following analyses of the rocks of the coal formation 
may not be without value, in so far as, to the best of my knowledge, 
none of them — with the exception of coal itself — have yet been analysed. 
The analyses were made in the laboratory of Dr. Anderson of Edinburgh, 
to whose kind assistance and encouragement I have been much indebted 
during their prosecution. 

The rocks analysed were taken principally from Buddie's Hartley 

* We recommend to the particular attention of students of the chemistry of rocks 
the maay Talnahle memoirs of Mr. BI. A. Deleise in the Acnales des Mines, &c. ; 
and also the important Lehrbuch der Chemifohen und Physikaliachen Geologic of 
the oelebrated Dr.Cfustay Biachof.^Edit. of Edin, Phil. Jour, 
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Colliery in tlie Newcastle coal field, and, though few in number, are 
calculated to throw more light on the general constitution of such rocks 
than miglit be at first sight expected, each specimen being selected as 
the type of a family, the membei-s of which difier little in their physical 
or chemical properties ; so much so, indeed, that no di£Sculty exists in 
referring any individual stratum to the family to which it belongs. 

On examining the section of the coal field, a certain definite arrange- 
ment of the beds is apparent, and a tendency to the repetition of small 
groups of strata — each group consisting of the same, or nearly the same, 
series of rocks. The succession of the members of those groups is, of 
course, liable to a certain amount of variation, individual beds sometimes 
disappearing or ''cropping out*' — and so destroying the uniformity of 
the series ; but it may be observed genemlly that each seam of coal is 
the centre of a group, and is enclosed above and below by a succession of 
strata more or less impregnated by a bituminous or coaly matter, those 
in immediate contact with the coal partaking so much of its character as 
to be capable of imdergoing combustion, which in receding from it they 
become gradually more and more earthy, until eventually all trace of 
organic matter is lost. 

The succession of the rocks in each group, taking them in the most 
general point of view, is as follows, in descending order : — 

Fire-clay or Thill. 

Sandstone. 

Blue shale. 

Bituminous shale 

Coarse coal (sometimes Cannel). 

Coal. , 

Coarse coal. 

Fire-clay. 

This succession, as already observed, is not absolutely invariable, for 
even sandstone is occasionally found in contact with the coal, and other 
strata (as clay iron-stone for instance) are sometimes associated with the 
foregoing, whilst in other instances one or more members of the group 
are entirely wanting. But these are exceptional cases, the aiTangement 
in the majority of instances being that which I have given above. The 
rocks employed for analysis were as far as possible selected from one 
group, and embrace all its characteristic members, so that from the 
analysis of these few substances we have a tolerably coiTect idea of the 
composition of the rocks of the whole formation. 

The actual order of superposition of the specimens analysed is as fol- 
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lows : — ^The order is ascending, and figures are attached to tlie strata 
analysed. 

Feet. In. 

1. Fire-clay (or Thill) . .3 in thickness 
Coarse coal . .07 

2. Good coal . . .52 

5. Coarse coal . . .08 
4. Bituminous shale . .32 

6. Blue shale, or slate-clay . 3 1 
6. Micaceous sandstone .07 

Blue shale (again) . . 10 

Sandstone (again) . .07 

Blue shale, inclosing nodules) q i 

of ironstone . . j 

Bituminous shale and coal . 6 

Ironstone with sheUs . . 1 11 

7. Huscle-bind . . .06 
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Before entering upon the details, it may be desirable to glance at the 
methods of analysis. 

Carbon and Hydrogen were determined by combustion with chromate 
of lead, copper turnings being made use of for the deoxidation of any 
nitrous acid formed during the process. Nitrogen by Warrentrap and 
Wills' method. The Sulphur was determined by deflagrating the sub- 
stance with pure nitrate of potash and carbonate of soda, precipitating 
with chloride of barium, and calculating the sulphur from the sulphate 
of baryta obtained. Ash of coals by complete ignition in a platinum 
crucible. The Inorganic substances were estimated in the hydrochloric 
acid solution. The portion not soluble in acids (or a substance in the 
first instance only slightly affected by them) was fused with a mixture 
of carbonates of potash and soda, and the analysis conducted in the usual 
manner. The alkalies were determined in some instances by fiision with 
carbonate of baryta, in others by attacking the substance with hydro- 
fluoric acid. The carbonic acid was determined in the ordinary way. 
All the substances were di'ied at 212^ ; and in those which contained no 
organic matter the water of combination was determined by ignition. 

The details of the analyses are as follows :— > 

No. 1. Fire-clay. — Sp. gr. 2-519, of a grey colour, streak dull, very 
soapy to the touch. It constitutes iisually the basement of each coal 
seam. As that from ^' Buddie's Hartley" was not a fine specimen, one 
was taken fix>m the base of the coal at Blaydon Bum ColHery in Tyne- 
side, where it is made use of for the manufacture of fire-bricks, &c. 
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Comporition, 

Water of combination 

Lime 

Magnesia 

Peroxide of iron 

Alumina 

Potash 

Chloride of sodium and sulphate of soda 

Silicic acid 



10-624 

•668 

•746 

2-008 

27-753 

2-189 

•439 

56-500 



99-827 

No. 2. Oood Coal. — Sp. gr. 1-259, fracture conchoidal. Interspersed 

rather abundantly with iron pyrites; depth from surface 64 fathoms; is 

from the *^ Low main seam," pi-incipally used for steam purposes, to 

which end it is largely exported. 

Composition. 
Carbon .... 78690 



Hydrogen 


6-000 


Nitrogen 


2-370 


Oxvffen 
Sulphur 


10-068 


1-509 


Ash .... 


1-363 




100-000 


Ash of the above. 




Peroxide of iron 


14-237 


Alumina 


10-883 


Lime . - . . 


8-915 


Magnesia 


1-010 


Potash 


1-039 


Chlorine, traces 




Sulphuric acid 


8-210 


SiUcic acid 


53-161 


Unbumt charcoal 


2-667 



100-102 
No. 3. Coarse Coal. — Sp. gr. 1-269; fracture slaty; lies immediately 

over the good coal ; and the bed varies from two to six inches in thick- 
ness. It contains a large amount of iron pyrites, and is put to no useful 

purpose. 

Composition. 

70-307 
4-714 



Carbon 

Hydrogen 

Nitrogen 

Oxyffen 

Sulphur 

Ash 



1*446 

6-433 

1-236 

16-864 

100-000 



\ 
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Ath cf ths above. 

Lime .... 1-286 

Magnesia .... 0*420 

Iron .... 2-187 

Alumina .... 21*231 

•S ( Potash .... 2-200 
Soda^ traces 

Sulphuric acid ... 1705 

Silicic acid - - 1*118 






s 



\ 



30*147 



'9 flame, tra^s 

'^ Magnesia .... 0*662 

]g I Iron^ traces 

Alumina .... 6*530 

Silicic acid .... 60*812 







S Unhumt charcoal and loss - - 1*849 

a \ 69*853 



100*000 



No. 4. Bituminous Shah.^Sp. gr. 1*860; rests on coarse coal; two 
to three inches in thickness ; blacky hard^ and brittle; of a sla^ structure ; 
contains impressions of the Flora of the period. 

Campcsitian. 

Carbon .... 26*700 

Hydrogen .... 2*630 

Oxygen ... - 9.090 

Nitrogen . - - . -934 

Lime .... 1-027 

Magnesia .... -519 

Protoxide of iron ... 4*275 

Alumina .... 19*347 

Potash .... -839 

Soda .... .374 
Chlorine^ traces 

Silicic acid .... 34*276 



100*011 



No. 6. Blue Shale (Slate-clay). — Sp. gr. 2-536; in thickness about 
three feet; of a bluish-grey colour; is of a much more earthy appear- 
ance than last; on which it rests ; is softer and not so slaty, and is studded 
with nodules of ironstone. Is nearly related to the fire-day, both in 
composition and physical properties. 
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Composition. 

Water of combination - - 11*083 

Lime . - - . 0*595 

Magnesia .... 1*87? 

Peroxide of iron ... 4*569 

Protoxide of iron ... 4*545 

Alumina .... 23*290 

Potash .... 2*089 
Chloride of sodium^ traces 
Sulphuric acid^ traces 

Silicic acid .... 52*452 

100^000 

No. 6. Micaceous Sandstone, — Sp. gr. 2*598, over last, varying from 

six inches to six feet in thickness ; of a fine white colour, close-grained, 

and with small plates of mica, very conspicuously seen. 

Composition. 
Water of combination - - . 6*888 

Peroxide of iron ... 9*539 

Alumina .... 8*126 

Lime .... 1.112 

Magnesia .... 0*325 

Potash .... 1655 

Soda .... 1-859 

Silicic acid .... 70*2 57 

99*761" 
No. 7. Muscle-Bind. — Sp. gr. 2*592 ; in thickness, six inches ; is a 

clay-iironstone, thickly embedded with indurated shells of a brown colouri 

and very brittle. This bed resembles the muscle-bind of the Derb3'8hire 

and Yorkshire coal-fields; and is found also in the coal-fields of Scotland* 

It Hes, in this instance, at the depth of 62 fathoms from the surface, or 

9 J feet above the " Low-main coal." 

Composition. 

/Organic matter and water of combination 11*221 

Protoxide of iron - - - 18 637 
Manganese, traces 

Alumina .... 1194 

.g / Lime .... 4*084 

\q \ Magnesia .... 1*078 

Chloride of sodium, traces 

Potash .... 1*319 



(A 

o 




GQ 



. Silicic acid, traces 

\ Carbonic acid - - - 14057 



.9 /Oxide of iron, traces 51*590 

• ^ Alumina .... 16*292 
-S^ Lime .... 0-988 

'o <J 1 Magnesia ... - 0*288 

I VSilicicacid .... 81*068 

-48*686 

100*226 
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No. 8. Cannel Coal. — Sp. gr. 1*810; is a blacky homogenous msan, 
hardy brittle, and capable of taking a fine polish ; fracture conchoidal. 
Though not in the section of '' Buddie's Hartley/' is often found in con- 
nection with the coal; as roof, base, or even interstratified with it ; that 
-analysed is a fine specimen from '^ Blaydon Main" colliery, in Tyneside. 

Composition, 

Carbon - - - . 78056 

Hydrogen - - - - 6 '805 

Nitrogen - - - - 1*854 

Oxygen - - - - 3-119 

Sulphur - - - - 2*223 

Ash ... - 8*943 



100*000 
A comparative view of these analyses leads to some interesting results, 
and appears to indicate a pretty close connection between some of the 
members of the coal formation. 

Comparing the organic constituents of the di£ferent coals and bitu- 
minous shale, it will be observed that they so far resemble one another, 
as all to contain carbon, hydrogen, nitrogen, and oxygen, and a general 
similarity is apparent in the quantitative relations of these elements. 
But this relation is to a great extent concealed by the variable propor- 
tion of inorganic matter which the substances contain, and becomes much 
more striking when the ash is substracted, and the composition of the 
organic part calculated on 100 parts. When this is done, we obtain the 
following niunbers : — 

Carbon 
Hjrdrogen - 
Nitrogen - 
Oxygen 

100*00 100*00 100*00 100-00 

From these numbers it appears that all these substances present a 
pretty close resemblance, except the organic matter of the bituminous 
shale, which is very much richer in oxygen than any of the others. This 
difference, however, is more apparent than real, and I believe it to de- 
pend upon the method of analysis employed, by which any water which 
may exist in combination with the inorganic constituents, comes to be 
determined along with, and reckoned as part of the organic matter. I 
I shall have occasion, in discussing the inorganic constituents of the rocks, 
to show that the inorganic part of the bituminous shale does in all pro- 



Coal. 


CoaraeCoAl. 


Cuinel Coal 


Bituminous 
Shale. 


81-01 


86-83 


87-36 


67-84 


617 


5-75 


6-53 


6-68 


2-44 


1-76 


2-09 


237 


10-38 


6-06 


2-53 


2311 
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bability coatain water^ the exact amount of which cannot, in preienoe of 
organic matter^ be determined by analysis, but which, from other oon- 
siderations, would appear to amount to about 6*6 per cent. If we there* 
fore subtract from the organic matter of the shale the quantities of hy- 
drogen and oxygen corresponding to 6*6 per cent, of water, ami then 
calculate the result upon one hundred parts, we obtain the following 
numbers, which agree in a remarkable manner with those obtained from 
the good coal. 

Carbon - - 81-62 

Hydrogen - - - 678 

Nitrogen - - - 2*84 

Oxygen - - - - 973 

100-00 
These analyses may then be considered as establishing the fact, that 
the organic matter which permeates the strata of the coal-formation is 
chemically identical with coal itself; in fact, that bituminous shale differs 
in no respect from coal, cxce])t in containing a largely preponderating 
amount of ash, and that whatever may have been the manner in which 
coal has been formed, bituminous shale must be produced under precisely 
similar circumstances. The analyses appear, however, further to indicate 
the existence in the coal field of vegetable matter in two different phases 
of decomposition, for the cannel and coarse coals contain a very much larger 
amount of carbon, and smaller of oxygen, than the other two, which ap- 
proximate very closely to one another in composition. Now the gradual 
decomposition of vegetable matter is attended by the gradual diminution 
of the oxygen present, carbonic acid, which for every six parts of carbon 
carries off 22 of oxygen, being gradually evolved, and it is fair to admit 
that the composition of the good coal and organic matter of the bitumi* 
nous shale, indicates a less advanced state of decomposition than that of the 
other two ; and as it must be manifest that all are exposed to the same 
causes of decomposition now, the difference which is observed must be 
due to causeti operating before the deposition of the superincumbent 
strata. 

The analyses of the inorganic constituents of the different rocks also 
afford evidence of a certain connection among the different members of 
the formation, though it is less obvious both on account of their greater 
complexity and the certainty of their being, in some instances, mere me- 
chanical mixtures, liable to gi*eat variations. If, however, we compare 
only that portion of certain of these substances which is insoluble in acids, 
and which analysis shows to be of constant composition, we arrive at 
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flome interesting conclusions. TLc whole of tbo fire-clav, with the ex- 
ception of small quantities of lime and potash; is insoluble in acids. Now^ 
the clays abeadj knonn to us, are definite mineral compounds, present- 
ing an invariable composition. Porcelain clay, for instance, is a hjdi-ated 
sesqnisilicate of alumina represented by the formula SAL O3 3Si O3 + 
SHO^ and the same composition is found in all our purer clays, and the 
fire-clay of the coal formation is also a definite silicate, though not iden- 
tical with porcelain-clay, its composition, setting aside as non-essential 
the small quantities of lime and potash, corresponding very closely with 
the formula Al^ 0, 2Si, O3 + 2 HO. Now, the same clay can be traced in 
other members of the coal formation } thus the muscle-bind is a mixtura 
of this silicate with carbonates of iron and lime. This connection is not 
seen as the analysis stands, but becomes apparent by compai-ing the fire- 
clay, calculated as anhydrous, and the insoluble matter of the muscle- 
bmd calculated to 100 part^. 





Fire-clay, 


loBoluble matter 
of musle- bind. 


Silicic acid 


62-14 


63-89 


Alumina 


31-07 


S349 


Peroxide of iron 


2-24 


• . 


Lime 


074 


201 


Magnesia 


0.83 


0-61 


Potash 


2-45 


• . 



100-00 100-00 

Here the sole difference appears to be that, in the fire-clay, a small 
quantity of alumina is replaced by the isomorj)hous peroxide of ii'on, and 
both lead to the same formula AL O3 2Si O3. This represents both 
substances as anhydrous, but the fire-clay contains water in combination, 
corresponding, as before observed, to two equivalents, and it admits of 
no doubt that the insoluble matter of the muscle-bind, as it exists in the 
rock, is also hydrated, although, from the presence of organic matter, it 
is impossible to determine the amount of water in an accurate manner. 
An attempt was however made to determine the quantity of water by 
gently heating the substance so as to avoid decomposing the organic 
matter ; and in this way 8-08 per cent, of water was obtained, but 
obviously no reliance can be placed upon this as a quantitative deter- 
mination, because it was impossible to obtain sufficient heat to expel the 
whole of the water without destroying the organic matter, but it is suffi- 
cient to establish the fact that water actually was present. 

The blue shale and inorganic matter of the bituminous shale, form 
another pair very similar to one another, though different from the fire- 
VoL. in.— Sept., 1854. d 
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clay. In order to render this similarity apparent^ I give the reBults of 

the analyses calculated^ the hlue shale as anhydrous^ and the inorganic 

matter of the bituminous shale in 100 parts. 

Blue shale. Bituminoiu shale. 

Silicic acid - - 68-99 66-61 

Alumina - - 26-19 81-89 
Peroxide of iron - 6*14 

Protoxide of iron - 6*11 7*04 

Lime - - - 0-67 1-69 

Magnesia - - 1-64 0-86 

Potash - - . 2-34 1-38 

Soda - - - .. 0-61 



100-00 100-00 

In these two substances^ in addition to silicic acid and almninEj we 
have a large amount of bases with one equivalent of oxygen, among 
which protoxide of iron and potash predominato. The relation of silica 
to the sesquiatomic bases is the same in both, alumina in the blue shale, 
being in part replaced by peroxide of iron, and though the quantity of 
monatomic bases in the bituminous shale considerably exceeds that in the 
blue sbale, still the similarity of the two is sufficiently striking. It will 
be observed that, in the above calculation, both substances are repre- 
sented as anhydrous, wliile the blue shale actually contains 11 per cent, 
of water. 1 infer, however, from the analogy of the two substances, that 
the inorganic matter of the bituminous shale must also be a hydrated 
compound, containing the same proportion of water which I have accord- 
ingly supposed it to be in the calculation of the constitution of its organic 
part, given in page 147 of the ''Edinburgh New PhilosophicalJonmal," 
for Jan., 1851. 

The inorganic matter of the other rocks is too various to admit of any 
conclusions being drawn regarding their constitution, although they 
present some points of interest, which, however, I shall not at present 
attempt to discuss. 

In concliLsion, I may be permitted to hope, that the results of these 
anulvKCs are sufficiently interesting to lead others into the same field of 
inquiry, and that from the accumulation of facts we may eventually be 
led to some general laws regulating the deposition of the stratified rocks. 

NOTE.— (By the Author.) 

The minerals of which analyses are given in the following paper (with 
the exception of the coals), seem to be a mere mixture of various sub- 
stances; their composition, therefore, is not sufficiently definite to be 
cajiable of expression by means of formulae. But for those substances 
insoluble in acids, the purity of which can be more safely calculated on, 
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fiirmula are giren below^ though not so much with the expectation of 
ezhibitmg their true composition^ as of thus affording a more ready 
means of oomparison. FormuIsB for — 

Eire cky KO, SiOa +2 AI.O3, 5 $10^-^4. HO 

SUteclay KO, SiOg+S ALO3, 4 SiO^+o HO 

Micaceous sandstone CaO, SiOj +2 aLOj, 8 SiOj -f-6 HO 

Insoluble matterof muscle- ) p^n Q.n i o ai r\ k ark 
bind J CaO, S1O3 +2 AljjOa, 5 S1O3 

Insoluble matter of coarse ) 11 ^^ ^o ork 
coal JAl,03,12Si03 

"^S^ ZT. :.?!'r: } ^«0, Si03 +2ALO3, 4Si03 
It is not to be supposed that the silicates have the exact constitution 
here given, but simply that these are the results afforded by calculating 
the per-centages. Nor does the base of each silicate consist wholly of 
the constituent above given, for the constituent in greatest quantity gave 
its name to the base. Some of the silicates are represented with water of 
eomKnatiorif others without it, but no conclusion is to bo drawn from 
this circumstance, as the silicates apparently anhydrous were ignited 
previous to analysis, and would therefore give off their water of com- 
bination. 



The foregoing analyses were made by Mr. Hugh Taylor, while study- 
ing chemistry in the laboratory of Dr. Anderson, of Edinburgh. 

Those which follow, not being yet made public, are to be viewed 
as an original communication, which I have much pleasure in making 
in the author*s name. 

lake the previous analyses, these also have been made with the greatest 
d^ree of care, and without reference to time or expence. They may 
therefore be safely considered as accurate, according to existing chemi- 
cal views and methods. 

The most remarkable results are perhaps those showing the alteration 
in the chemical composition of coal as it approaches a whin dike, the 
particniar locality being, in this case, that of Shotton colliery, ex- 
hibiting analyses of the cindered coal adjoining the dike, and of the coal 
nzty-three yards from the dike, as compared with the Haswell Hutton 
seam in an unaltered state. 

I have inserted, by way of note to those analyses, the constituents of 
Anthracite from Coalbrook Dale and from Pembrokeshire, on a com- 
parison with which it appears that the coal at sixty-three yards from the 
whin dyke, and before it becomes cindered, may be classed as an An- 
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thracite. This is a curious fact; and naturally suggests that the formation 
of Anthracite is due to an action upon Bituminous Coal, similar to the 
one which has taken place in the vicinity of the igneous rock under 
consideration. 

The quantity of Carbonate of Magnesia in one of the analyses of Car- 
boniferous Limestone (Holy Island) is remarkable, being upwards of 35 
per cent. On the contrary the bed, called the White Bed of the Whitley 
Magnesian Limestone, is almost a pure Carbonate of Lime, containing 
much less than 1 per cent, of Magnesia. Circumstances like these show 
the inadequacy of our present system of generalization, and how much 
they reqiiire to be modified to make them correspond with the actual 
operations of nature. 

Analysis. 
1. Waste Heap, Buddle's West Hartley. 

The sample analysed was a reddish powder, obtained by screening a 
considerable quantity of heap; clinkers and stones are, therefore, 
not included. 






(Water of combination 
Lime 
Magnesia 
Potash 
Chloride of sodium 
Sulphuric acid 



o 



Organic matter 
Peroxide of iron 
Alumina 
Lime 



g / Magnesia 
^ Potash 



o 
GQ 



Soda 

Sidphuret of iron, trace 

Carbonic acid 

^Silica 



^ /Peroxide of iron 

'S Alumina 

^ Lime 

]co ( Magnesia 

'g I Potash 

'o Soda 

S \Silica 



1750 

4-376 

•843 

•188 

•063 

7-538 



•922 

8-780 

6-970 

1740 

•789 

•092 

•588 

•265 
•189 

9^512 
11-473 
•271 
'456 
-935 
•172 
41-833 



14758 



20-335 



64-652 



99-754 
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3. AiriLTSBS oj Coal from Hutton Sejlu, Shottox akd Haswbll 

CoLLiBRiES. JEffict of Whtu Dike. 





CiiTDxa Coal, 


Coal, 63 Yabds 


Haswill Hutton 




ADJOIMIMa DiXB. 


VBOM Dike.* 


Sbaic. 


iDdiidiiif 


• 

DedoeUng 


Including 


Dednetlnf 


Ineludlnt 


DadoeUnc 


Carbon 


Ijh. 


A<k. 


Aili. 


Aih. 


1 Ajh. 


Ub. 


80-255 


92-888 


89-916 


91-768 


84-284 


84-890 


Hydrogen - 
Nitrogen 


2-405 


2-783 


3-441 


3-511 


5-522 


6-561 


1-170 


1-354 


2-129 


2-172 


2-075 


2089 


(hrygen 
Sulphur 


•923 


1-068 


1-228 


1-253 


; 6-223 


6-267 


1-646 


1-905 


1-267 


1-293 


1-181 


1-189 


Afth 


13-601 




2019 




•715 




100-000 


100-000 


100-000 



Analysis of Anthracite^ for comparison : — 

A from Coalbrook Dale, by Jacqaelin. 
B from Pembrokeshire, by Sebafhautl. 



A 

Carbon 00 68 

Hydroe^n 3-60 

Nitrogen 029 

Oxygren 8*81 

Sulphur is not noticed, if any 

Ash 1-72 

100- 



B Mflsn of the Two. 

....94*10 92-34 

.... 2-39 3-00 

.... 0-87 58 

.... 1-34 2*57 

.... 130 !.51 

100- 100« 



3 — ^Akaltsis of Coke manufactured bt Mr. J. Morrison, Fence 
Houses, Durham, under M. Barbe's Patent, the impurities 

BEING separated FROM THE '^DuST CoAL," BY WASHING. 



Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Sulphur 

Ash 



} 



From 
Uutton Seam. 

93150 
-721 

-905 

1-276 
3-948 

100-000 



From 
Low Halo Seam. 

91-658 
•708 

1-296 

1-183 
5-165 

100-000 
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4.— Analysis of Hobbbrlaw (Oarbonifbrous) Libcbstonb, 

Alnwick. 

Carbonate of Lime ... 96*986 

Carbonate of Magne^da - - . 1*006 

Peroxide of Iron and Alumina - - *590 

Sand ..... 1-209 



99*791 

5.— Analysis of Carbonifbrous Limbstonb^ North Sundbrland. 

Carbonate of Lime - - - 96*637 

Carbonate of Magnesia • - - 1*988 

Peroxide of Iron and Alumina - - -626 

Sand *707 



6. — A.NALYSIS OF Holy Island (Carbonifi 

(Top-bed.) 

Carbonate of Lime 

Carbonate of Magnesia - 

Iron and Alumina 

Sand . - . - 


EROi: 


99-808 
rs) Limestone. 

59-280 
36-121 

3-746 

1-384 


7. — DiiTo Bottom-bed. 

Carbonate of Lime 

Carbonate of Magnesia 

Iron and Alumina 

Sand .... 


99.631 

96-234 

2-076 

•242 

1-273 



99-825 

8. — Analysis of Ironstone from Cleveland. 

Sample analysed was from Eston Nab^ Cleveland Hills^ Yorkshire^ tbe 

bed being 16 feet in thickness^ and apparently of tho same quality 
throughout. 

Lime 5803 

Magnesia .... 8*504 

•o ^ -A ^nj J Metallic Iron 36*951 ) Arfo-tQ 

Protoxide of Iron {oxygen 10*867 5 

Manganese — traces - - - 

Alumina - ... 6*499 

Chloride of Potassium, with a little) -t /^»^n 

Chloride of Sodium - J "^ "^^ 

Sulphuric Acid — traces - - 

Carbonic Acid - - - 24*939 

Silicic Acid .... 7*257 

Water of Combination and a little or- ) a-i5i 



ganic matter 



100 023 
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Ajboye combined (?). 

Carbonate of Lime . . . 

Carbonate of Magnesia 

Carbonate of Iron . . - 

G-T^*-. fPeroxide of Iron 21-067"1 
SiL(»te My^ina . 6.499 

AwLf^ i Silica . . 7-267 Ik 

Chlorides of Potassium and Sodium 



3151 



10-292 

7-228 

48-487 



37-964 



1-052 



100-023 
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NORTH OF ENGLAND INSTITUTE 



OF 



MINING ENGINEERS. 



MONTHLY MEETING, THURSDAY, OCTOBER 5th, 1854, IN THE ROOMS 
OP THE INSTITUTE, WESTGATE STREET, NEWC.VSTLE-UPON-TYNE. 



Nicholas Wood, Esq., President op the Institute, in the Chair. 



The minutes of the Council having been read by the Secretary, 

The President begged to call attention to the large accumulation of 
books which lay at present useless in the Institute, several gentlemen had 
spoken to him of the difficulty they had in obtaining a copy of the pro- 
ceedings. He, therefore, tliought it would be advisable to place their 
books in the hands of some London publisher, with a view of advertising 
them, so that parties wanting them may have no difficulty hereafter in 
getting copies, as they would then know where they were to be had. If, 
therefore, it met the approbation of the meeting, as ho would be in Lon- 
don in a short time, he would endeavour to make some such arrangement 
with some of the London publishers. 

Several members having expressed their hearty concmTcnce in such a 
course, the suggestion of the President was at once adopted. 

The President next informed the meeting that the reason the mem- 
bers had not got the last paper of the year's proceeilings arose from the 
circumstance of Mr. Hall's paper being much longer than at fii-st in- 
tended, but he was glad to say that it was now all printed, and would bo 
in the hands of the membei's by Monday first. 

The following members, wlio had been proposed at the last raontlily 
meeting were ballotte<l for, and unanimously elected, viz : — Mr. Joseph 
Vol. III. — Oct., 1854. e 
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Cowan, Blajdon Burn ; Mr. Edward Jones, Lilleshall Iron Works, Shiff- 
nal, Salop ; and Mr. John Browne, Ovei*seal, Ashby-de-la-Zouch. 
Several new members were proposed for ballot at the next meeting. 
The President then said that thej were promised last month a paper 
by Mr. P. S. Reid, but as that gentleman had been prevented from ill- 
ness in completing his paper, and was unable to attend, they would not 
have the paper until the next meeting. There were, however, two papers 
before them for discussion, and there was also the Appendix to the Nor- 
thern Coal Field, by Mr. Hall, which, although printed, had never been 
read at the Institute. One of the papers deferred was Mr. Greenwell's 
on the East Somersetshire Coal Field, and the other, Mr. Hedle/s paper* 
He supposed that if any observation had to bo made on these two last- 
named papers they must be in the absence of the authors, as it seemed 
not at all likely they would be present. He thought, however, that they 
could not better employ their time that day than in reading the Appen- 
dix of Mr. Hairs paper, and in examining the Map of the Coal Field. 

The Secretary then proceeded to read the ALppendix, which occa- 
sionally in its details called forth some discussion, but it principally con- 
sisted of explanatory remarks relative to certain portions alluded to by 
the President, Mr. Potter, and other members, but more especially as to 
what was considered the deepest point of the Coal Field. After the 
Appendix was finished. 

The President complimented Mr. Hall upon the usefulness of his 
work, and thought his suggestion regarding a model of tho Coal Field 
well worth the consideration of the Institute. He, therefore, soHcited 
the opinion of the Institute as to what could be done by way of accom- 
plishing so desirable an object. 

Some discussion then ensued, in which all who took part seemed to be 
favourable to the construction of a model ; and finally, the following re- 
solution was unanimously agreed to : — 

" That the Council be requested to take into consideration the practi- 
cability of constructing a model, or plans and sections, illustrative of the 
Coal Field of this district, together with the scale upon which such 
model or plan ought to be constructed ; and that the Council also take 
into their consideration l^rofessor Owen's apj)lication for plans and sec- 
tions, or specimens illustrating the Geology of the Northern Coal Field, 
for the Parisian Industrial Exhibition." 

The President next refeiTed to tho further consideration of Mr. 
Greenweirs paper, and especially referred to tho strata which crosses the 
overlap " faults" of the Coal Field of Radstock. This he considered 
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rather extraordinary^ and to his mind the overlap appeared the effect of 
the djke producing^ a lateral slide of the strata^ so as to cause one portion 
to overlap the other. 

After a brief discussion the subject dropped. 

The President thought it necessary before they separated to refer 
to Messrs. White and Grant's Patent Safety Cages for MineS; a model 
of which they had then before them, and had also witnessed its mode of 
operation. For himself he thought the invention very simple, and likely 
to be useful to the trade. It was, therefore, proper that sucli an inven- 
tion should be noticed by th9 Institute ; and, as he then held in his hand 
the names of a few of the iron and coal masters of Scotland who had 
ihese cages in use^ together with some statements relative to some acci- 
dents prevented by their use, he thought it desirable that they should bo 
read to the meeting. The Secretary then read the following :— 

Names qf a fen qf ih% more prominent Iron and Coal Masters of Scotland^ with the 
number qf Patent Sqfety Cages they have in constant use in thiir Works. 

In use. Orders to mako. 

WUUam Dixon, Esq., Govan Iron Works 13 . . 

" " Colder Iron Works 15 .. 

" " PossoU Colliery 8 . . 

Monkland Iron and Steel Company : 20 . . 6 

Langloan Iron Company 14 • . 14 

John Wilson, Esq., Dundy van, Kluniel, Lng;ar, and Muirkirk 

Iron Works 24 . . 30 

William Baird and Co., Gartsherrie 8 . . 32 

Carron Iron Co., Falkirk 18 . . 13 

LochgeUy Iron Company 10 . . 

Forth Iron Company 20 . . 2 

Combination of Airdrie Coal Masters 15 . . 

Archd. Russell, Wishaw Collieries 10 . . 

Lord Bellhaven 4 . . 

Duke of Buccleugch 3 .. 

Duke of Hamilton 8 . . 

John Horn, Esq 6 . . 

105 00 

In short every coal master in Seotland has more or less of them. 

Note qf a/enf qf the Accidents prevented by our Patent Safety Cages, 

June, 1851. — At Stephenson Colliery, Holytown, four men from being* overwound en 
a two-story double cag-e, the engine bemg* beyond the control of the engineman, caused 
by the breakage of the tramp. 

July, 1851. — Hope broke at Omoa Iron Works : cage arrested with its load. At this 
work there are sixteen in constant use, and there would have been frequent accidents, 
both from ropes breaking and overwinding, but ha])pily prevented by their adoption. 

July, 1851. — Barleith Colliery, Kilmarnock, cage and load prevented from being 
overwound. A similar accident occurred previously to getting our safety cages, when 
the damage done to the machinery cost upwards of £70. 

Sept., 1851. — Five boys* lives would have been sacrificed by being overwound on a 
Tery high pit-frame, at Forth Iron Co.'s Works. The cage and its valuable load were 
safdy arrested underneath the pit-head pulley. Also, one instance of a rope breaking 
with a man on the cage ; and very numerous instances with loads of mincrxds. 

Feb., 1852. — At Govan Iron Works, the rim of a pit-head pulley broke, the sudden 
jerk severed the wire rope, but the cage and its load were arrested 50 &thoms from 
the sorftkoe, with a load of two tons. 
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Feb., 185S. — At Carroii Iron Co/s Works, a cAgfc overdrawn with one man on it : it 
was safely arrested underneath the pit head pulley. 

Dec., 1H.')2. — At Spriiiprhill Colliery, Bailiestou, cage and load overdrawn: in conse- 
quence of the dense fog*, the engineman did not see the mark on the rope. 

Mr. Ainsworth, of Cleator, Cumberland, states, that in consequence of the ihort dis- 
tance between platform and top of pit-head frame, the ca^es were frequently overwound 
and much damage done ; but since the adoption of our safety cagtis, those kind of 
accidents have been entirely prevented. 

May, 1853. — Mr. James Stuurt, Omoa Iron Works, informs us that there have been 
nearly twenty instances where accidents would have occurred at their pits, both in 
oven^'inding and ropes breaking*, which were effectually prevented by our safety ca^^, 

June 2, 1852. — Two men overdrawn at Mr. Russell's pit, Wishaw but were safely 
arrested at the top of x>it-hcad frame. Mr. Russell says that it is worth the price of 
twenty eagles. 

Oct. 8, 1852. — Mr. Dixon's Pit, Rutherglen. Accident prevented by ovezwinding 
one man on the eag-e. 

March 10, 1853. — Mr. AV'atts' Pit, Slamanan. Ropo broke, two men on the cag^ 
they were instantly arrested, havingf sustained no injury. 

March 11, 1853. — At Mr. Robert Bell's Pit, Wishaw, one cage and man overwound 
but being arrested, suBtaini^d no injury. 

Sept. 14, 1853. — At Duke of Hamilton's Pit, Redding* Colliery, a cag« and one man 
overdrawn ; sustained no injury. 

Dec. 0, 1853. — At Kilmarnock, a boy on the top of hutch of coal was overwound; 
sustained no injury. 

Many numerous other instances of more recent date could be g^ven, but the above 
will g^ve the idea of the kind of accidents usually occurring^ and prevented. 

The meeting then separated. 
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MONTHLY MEETING, THUBSDAY, NOVEMBER 2, 1854, IN THE ROOMS 
OP THE INSTITUTE, WESTGATE STREET, NEWCASTLE-ON-TYNE. 



Nicholas Wood^ Esq.^ President of the Institute^ in the Chair. 



The minutes of the last meetings together with the proceedings of the 
Council^ having been read^ the meeting proceeded with the election of 
the following gentlemen^ who were declared to be duly elected members 
of the Institute :— -Mr. John Walker, Wakefield -, Mr. Bichard Cordner, 
Crawleyside, Stanhope 3 Mr. John Trotter, Newnam, Gloucestershire. 

Mr. Beib next proceeded to read his paper ^'On Practice with Gas 
at Blowers." 
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GAS AT BLOWERS 



BY MR. P. S. REID. 



In introducing the subject which has been chosen as the title of this 
Paper^ it will not be amiss to refer back^ and take a retrospective glance 
at the history of that tremendously destructive power existing under the 
name of '* Carburetted Hydrogen Gras," which is so well worthy of all 
<mr energies to endeavour to guard against its effects. 

The first accurate views of the real nature of Carburetted Hydrogen 
are due to Dalton^ some time about 1770 or 1780, and they have been 
followed up most instructively by Henry, Thompson, Davy, Faraday, &c. 

The subject, however, of the normal condition in which gases are found 
in mines has sadly lacked investigation in a practical manner; so much 

has this been the case as to cause us to enquire how this is ? 

It appears to me to admit of a reply, and to some extent this may be 
a true one, that the genius of Davy when it invented the safety lamp, 
at the same time that he presented society with such a boon, gave us also 
an overweaning confidence in its efficacy, which caused us to relinquish 
enquiries as useless, when difficulties coidd be so easily combatted with so 
exquisite an invention, and that in many cases the gift has been accepted 
without due regard to its properties, and, in others, it has been thought 
that further investigation was unnecessary. 

Our attention having been now pointedly directed to this matter by 
Mr. Taylor, let us hope it is only a beginning, and that mauy new facts 
will be contributed to so interesting a subject; let me, for my own part? 
anticipate that they will be more conclusive than what I am now going 
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to present you^ whicli I reg^t to say is defective from seyeral causeSi the 
cliief of which is, that it was not put into its present shape till long 
after the occurrences narrated, and with the lapse of time I need not re- 
peat here, that memory becomes defective in many little points essential 
to accuracy. 

With these remarks I proceed to say that in the Pelton Colliery, about 
270 yards to the west of the present drawing shafts, there is a dip trouble 
which throws down the Hutton seam 10 fathoms to the westward, and 
brings down the low main seam, which at the shafts is 10 fathoms above 
it, exactly even at the point referred to ; hence, in passing through the 
trouble we have the Ilutton on one side and the low main on the other. 

The course of this trouble is nearly north and south, and both to the 
north and south of the point at which the fault was found to have a down* 
throw of 10 fathoms ; the main trouble diminishes in size in the first di- 
rection, at a distance of three-fourths of a mile to 4 fathoms, and in the 
other towards Waldridge Colliery, where it is known about a mile off to 
be a G fathom downthrow to the westward. Hence, it is evident that 
where the trouble has been cut is about the point of greatest depression 
of the strata, caused by the downthrow fault. 

In the years 1845-G, it became necessary to explore the coal to the 
west ol this trouble, with the view of supplying the colliery demand. 

For this purpose, a drift was made in the direction as shewn on the an- 
nexed plan, and as the Ilutton seam was known to have a natural rise of 
about 7 fathoms to the westward, in the 270 yards from the pits to 
where the trouble was proved, this diift was driven dead level, so as to 
cut out as much as possible of the downthrow, and so as (by continuing 
on) to take advantage of the natural rise of the seam west of the trouble, 
and cut it at the lowest possible level. 

No brattice was used in this drift, but the airage during its prosecution 
was effected by staples, sunk as shown at the points A and B on the plan 
and section, that at A being sunk from the old Hutton seam waste, 
and that at B from the Low main seam, into which a place was driven of 
such size as to furnish a proper return air course (after the cool should be 
won) communicating with the Hutton seam waste, and thence to the upcast 
shaft, about half a mile to the north-east of the point B. 

Whilst this drift was in progress several large feeders of gas were met 
with, mostly in the hard white whin stone post between the two stapples, 
which, as it was desirable to avoid the use of bmttices, were conveyed in- 
to the retj^DS by means of 2 bore holes, 8 inches in diameter, put down 
from the Hutton scam waste, which thus answered the double purpose of 
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a temporary return^ and cleared the drift of the gas as fast as it accumu- 
lated. 

By these means we arrived at the point C where, with the view of 
not spending too much money by driving* in a very hard stone, it was 
determined to sink down upon the coal and ascertain its position, and it 
was found at a depth of three fathoms below the drift, with its regular 
rise to the westward, and we thus had encouragement to proceed to the 
westward with the expectation of cutting the coal at a distance of 144 
yards, as indicated by the rise of the seam, which appeared hci-e to he 
about 1 J inches to the yard. 

As the stone at this place, however, was very hard, and we required 
coals very much, it was determined, in order to gain time, to incline down- 
wards so as to cut the coal sooner, the drift was therefore drooped in the 
direction C D, as shewn by the dotted line, and the coal was cut at the 
point D. 

Simultaneously with this, the staple B was sunk to £, so as to provide 
a return air course in the coal, in preference to driving one in stone, which 
would have occupied too much time, and we were encouraged to this by 
finding the seam tolerably dry at this place. 

So soon as the coal was reached in the drift at D, a place was turned 
away both north and south, and after being driven 12 yards in the 
former^ and 10 yards in the latter direction, was tiuned east, and thus 
driven until each were holed into the staple at £, and a communication 
thus effected with the chief return air courses, the southmost of these 
bords being driven under the main drift, and thus holed into the stapple. 

With view of providing space for brattice, in case that should be re- 
quired, the drift at G was widened out to 9 feet broad by 6 feet high, but 
previous to this it was only di-ivcn so as to furnish an area of 30 square 
feet, or 6 feet wide by 6 feet high. 

Up to this time so little water had been met with in the progress of 
the work as to encourage hopes that these returns might be made avail- 
able permanently for the ventilation, and thus avoid some very expensive 
gtone excavating which might be needed to keep these air courses out of 
danger of being filled by water. 

The returns, stapple, drift, &c,, were, therefore, just finished, as descri- 
bed, about the beginning of April, 1847, when we again commenced 
working towards the westward, and at the point F we met with a rise 
hitch, lifting the seam 3 feet 6 inches to the westward, this was passed, 
4md on the 22nd of April the place was advanced about 5 yards to the 
other side of it. 

Vol. III.— Nov., 1854. f 
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About 12 o'clock on this day, whilst tlie deputy was fixing' a prop at 
this place, he obsei'ved an unusual movement of the thill and imme- 
diately afterwards an immense discharge of water took place, which filled 
up both returns, and in a very short space of time was flowing along the 
drift at the rate of not less than GOO gallons per minute. This discharge 
of water was accompanied by gas, but not at first to any serious extent 
so as even to fire at the deputy's candle, (which both he and the men had 
been allowed to use up to this time), yet there was sufficient to cause him 
to retreat, which he did forthwith, and in order to avoid any accumula- 
tion, he opened a manhole door at the stapple, so as to permit it at onee 
to pass into the returns in tlie seam above. 

Our aiTangements being thus so completely and so suddenly foiled, we 
were compelled at once to adopt measures to pump the water, and orders 
were at once given to lay a set of pumps connected with the main engine, 
so as to effect this duty. Meanwhile an attempt was made to pipe the 
water, which failed, owing to the gas coming off so strong as to prevent 
any one breathing on the inner side of the point 6, where the stone ap- 
proached to 1 foot 6 inches from the surface of the water. 

With the view, therefore, of shooting down the stone, a brattice was 
put in from the stapple edge so as to allow of 24 feet area behind it, and 
an attempt was made again, with no better success, to get under the 
brow at 6, we, therefore, began to blast the stone down at this place. 
This was begun on the SSrd, at the same time it was evident that the 
water had diminished to half its former quantity, or 300 gallons per 
minute, but that as the water decreased the gas had increased, imtil it 
began literally to roar and cause a gi'cat commotion, lamps being obliged 
to bo used, and the water boiling like a cauldron with the movement of 
the gas whilst passing through it. 

We had no sooner commenced blasting the stone, when it became evi- 
dent that we had no common blower to contend witb, for at the fuse of 
the second shot on the 24:th, it ignited, and continued after the charge 
went off to burn most furiously on the surface of the water with gi*eat 
noise, alternately coming out in a mass of flame, filling the drift on 
loth sides of the brattice right out to about 2 yards beyond the 
stuj)ple, and then returning under the brow of stone till nearly out of 
sight : gain. 

We at fii-st thought that it would extinguish itself by the motion of 
the water, which was very great, lashing up against the roof, but after 
waiting some time and finding it did not do so, and that the gas still 
continued to advance in a solid flame full 40 yards beyond the brow, and 
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being apprehensive that it mjo^ht set fire to tlio coal or render the brattice 
useless^ it was determined to try to knock it out with gunpowder. A 
&TourabIe opportunitj was therefore seized^ when the gtis had retreated 
under the 8tone> and a quantity of g'unpowder (about 12 1))s.); was laid with 
a flafficient length of fuse to enable a man to get clear out of the way^ 
which he had no sooner done than it exploded^ and by its concussion 
exting^hed the gas. 

Our air at this time passing through the drift and round the brattice 
end, was quite equal to 10^000 feet per minute^ and during the outbursts 
of flame alluded to, this was as effectually forced back as if a wall of 
masonry had been built across the drift near the stapple^ and this at times 
would continue for the space of half a minute before it receded again 
towards the coal. 

Whilst we were busy shooting down this stone, with the view of 
getting out of water mark, we were also prepaiing the lying set of 
pumps connected with the main engine, and it was also evident that the 
water had diminished to about 150 gallons per minute by the middle of 
May, when wo were once more enabled to pump the water out and resume 
coal working. 

From this time to the middle of August it was an incessant fight with 
the gas, which seemed, up to the middle of July, to regularly increase 
aa the water diminished, evidently shewing that the one circumsttince 
was contingent upon the other, ns if following some law, no doubt, aiising 
from their relative positions prior to the trouble being originally cut 
through. 

After the middle of July the gas and water both diminished at this 
place, the latter to a mere trifling feeder of 10 or 20 gallons per minute, 
and the former so much so as to cause us no further trouble, save that re- 
quired by the constant use of the safety lamp, for two or three months 
after that time. 

Frequently during the period, however, up to the middle of July, we 
had immense outbursts of gas, far exceeding in quantity the one alluded 
to on the 24th of April, which was extinguished by the gimpowder. 
Before alluding, however, to them, I shall endeavour to shew at what 
pressure it issued on that day, so as to give an idea of how the gas in- 
creased in force as the water diminished. 

On this occasion, we could not (as we aftei*wards did) get in to see the 
gullet, or fissure in the floor of the mine, from whence both gas and wate' 
were issuing^ we could, however, observe it under the brow which was about 
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1 foot 6 inches from the surface of the water^ passing to us with great force, 
and at the time of its greatest issue depressing; the wat^er in a wave of about 9 
inches iu depth. Assuming, liowever, that the water was quiescent, we 
had Ijere an area of 12 feet square, under the brow from whence gas, coming 
out in an ignited state, forced back au* which was passing along the drift 
at the rate of 10,000 feet per minute through an area of 30 square feet, 
and which, at the same time, must have been passing into the stapple, and 
no doubt flaming, some distance up in the return air. 

As, however, we could not observe how far this occuiTed, we must con- 
tent ourselves by saying, that the pressure of the gas passing through the 
12 feet of area would, for the space of more than half a minute, be bal- 
lanced, or in a measure, placed in equilibnum with the force of the atmos- 
phere at the 30 feet area of intake, and the 24 feet of return air course 
behind the brattice plus, the motive force, or manometric pressure of the 
air, flowing at the rate of 6 J feet per second, but, as the latter 
would only be about 2 or 3 lbs., we may neglect it in the present 
calculation. 

As the point in question is about 120 feet below the level of the sea, it 
will be fair to take the atmospheric pressure in this instance at 15 lbs. on 
the square inch, adding, therefore, the areas of the intake and return, 
24+30=54 square feet, or 7776 square inches, the atmospheric pressure 
upon which would be equal to 110,640Db., which adapted to the area of 12 
feet, between the brow and the sm'face of the water, will give a ballanc- 
ing force of 672 l^s. or 4 J atmospheres upon each square inch of surface 
at this place. 

Our gas, on this occasion, was ignited, but we had many proofs without 
the j)resence of the flame on several occasions about this time, that the 
blower was constantly yielding gas in the same, or even gi'eater quantities, 
amongst the rest it frequently ignited at the blast or " shot," and was ex- 
tinguished by the concussion and motion of the water, and on such occasions 
as we were compelled to use gimpowder it was only by watching an op- 
portunity, and using the saltpetre paper, that we could succeed in blast- 
ing. It was also often impossible to keep the davy lamp burning, even 
close to the stapple, and if you advanced beyond a certain distance into it, 
say 4 or 5 yards, your lamp went out, and you were immediately affected 
with a strange swimming in the head, and on attempting to speak you 
were conscious of your doing so, but could not hear your own voice, if you 
still persevered, or remained standing, your next sensation was a trembling 
of the knees, and if you did not attend to this, giddiness ensued, and you 
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fell down insensible. I have frequently seen men brought ought in this 
condition^ who on recovering their senses in the fresh air, were seized with 
Tomiting and nausea which lasted several hours, a 

lJlX)n the 10th of May we were again enabled to 'get in to the coal, 
much of our stone having been blasted down, and our water all pumped 
out. 

Owing to the proof we had had of the blower, it was determined no 
longer to rely upon air courses which might be filled up with water. 
Our air, therefore, was increased to 20,000 feet per minute, and men were 
set in to take the coal off, to the breadth of 10 yards in the north return, 
as shewn on the plan at H H, so as the stone could be blasted down to 
enable us to have a clear air course, out of the reach of the water, a stone 
wall also separated the stapple from the intake air, and in this wall a 
proper man-hole door was left, so as to have access to the pumps. 

The eruptions of gas I have attempted to describe were verj^rrific in 
their appearance, and the noise which they made in passing through the 
water was similar to that of artillery, and had they continued permanently 
instead of by sudden outbursts we should have had no choice in advancing 
into the coal, but to have increased our air to such a quantity as to dilute 
the gas to an inezplosive point. Safety lamps were almost valueless, and 
I have frequently known every man working in the returns at K K 
obliged to retreat out in the dark to the flat, the only utility of his davy 
being to warn him of the fact, (which his o^-n sensations told equally 
soon,) that he was working in an irrespirable atmosphere, and that if he 
did not retire asphyxia would be his fate. 

It would be tedious to refer to each occasion when the gas was found 
to be most troublesome, I will therefore refer to one or two cases from 
which practical deductions can be drawn. 

a Since writiiig the above deecrlption of sensations it has come to my knowledf^e that 
Signer Cardone, an Italian philosopher, published in the Giomal di Fisica, 1827, the 
TCsolts of some experiments upon the inspiration of inflammable g^t^ses, and as the sen* 
MtionB he describes coincide to some extent with our own, I subjoin them as follows 
prifmisin^ that experiments of this kind are so rare as to add to the interest produced by 
them : — In consequence of the difference of opinion respecting' the effects of the inspi- 
fation of inflammable gas on the lungv, expressed by iScheele Fontana and others the 
Italian philosopher, Cardone, lately instituted some experiments on the subject. The 
air being exp«lled from the lung^ as much as possible, the mouth-piece of a bladder 
eoQtainiDg thirty cubic inches of gut, was applied to the mouth, and the gas inhaled at 
two iuspirations. An oppressive difliculty of respiration, and a distressiog- constriction 
at the mouth of the stomach were the first sensations. These were followed by abundant 
perspiration, a general tremor over the whole body, seeming to commence at the knees, 
an extraordinary sense of heat, slight nausea, and violent head-ache. *' My eyes " says 
fiignor Cardone, ** beheld things indistinctly, and a deep murmuring sound was in my 
ears. After u short time all these effects ceased, except that of heat, which increased in 
an alanning manner, but ultimately, by the abundant use of oold drinks, I was restored 
to my onghial state of health.*' 
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On the 17th of May whilst we were taking off coal in the north return 
the deputy was at the flat ahove, which was about 50 yards from the 
stapple along the drift; the air having been in first-rate condition jost before 
when he had visited the meu; fully 20^000 feet per minute being passed 
through; and he had just sat down when he was surprised by oneof the putters 
coming out without his light; and his first words were^ so soon as he could 
speak; that ^' he would defy any white man to live in that place, and he 
would go b^k no more." 

He had scarcely spoken before four of the men rushed out and told the 
overman; who by this time had arrived; that it was as much as ever they 
could do to get out and save themselves, and that their lights were out, 
and they believed there were more men iu; as they had stumbled over 
some one in the dark; but dare not stop to pick him up. 

The overman instantlv stuffed his handkerchief into his mouth and 
went in itfth all haste; his lamp went out after he had proceeded about 10 
yards from the stapplc; and shortly after he felt a tub which some one was 
pushing on slowly in the opposite direction; taking hold of this he gradu- 
ally backed out, and found, on getting to the flat; that it was a man 
of the name Kell who was pushing it; and that the reason why he was 
coming so slow waS; tbat he had clutched a boy by the breecheS; and was 
leaning against the tub for support as well as to help him to find his way 
out. 

So soon as they got to the station means were taken to revive the boy 
whO; as soon as he recovered his senses asked '^ if the pit had fired." 

Kell's account of the matter waS; " that he had filled his tub of coals 
''and was waiting of the putter at the place marked L, and that the air 
'' was tolerably good in his place; thinking however that the putter was 
'' long he went out to see what was the matter when he had no sooner 
'' got into the north return than he found his breathing affected; hasten- 
<< ing on he found the lamp flame getting dim and just at this time he 
''fell in with the boy who had fallen down insensible whilst putting his 
'^ tub out; he immediately seized him by the trousers and it was with 
''much difficulty he was able to haul him safely out." 

He added that he felt the gas so soon as ever he came out into the 
roUey-way, coming down with a very strong current towards him. 

It would appear from this that the gas had taken the return more rapidly 
than the working place where Kell waS; and that his air was not (up to that 
time) sufficiently diluted to be dangerous, the other men who were work- 
ing at the places above and below him were affected in their breathing and 
instantly they felt this they retired. 
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The gas on this occasion had not to pass through water but came out 
of an open gullet in the floor of the mine, the area of which we could 
veadilj see when it abated to be about IJ inches wide by 10 feet long 
crossing the whole breadth of the place or narrow bord. 

We were also certain that the air was forced back to the stapple and 
that the returns, besides being quite full both on the south and north side 
were pouring their contents as fast as possible up the stapple towards the 
low main. 

Taking, therefore, all these circumstances into consideration we cannot 
doubt that the pressure upon the area of this gullet which only equalled 180 
square inches was equivalent to the atmospheric pressure at the stapple 
added to the pressure in the intake air course with probably the mano- 
metric pressure due to 20,000 feet of nir per minute passing through it. 

The manometric pressure being only about 7 fi)s upon the area of 36 
feet (which was the size of the intake upon this occasion), I do not think it 
worth taking into account, especially as it would be balanced by a cor- 
responding pressure in favour of the gas on the other side of the stopping. 

The area of the intake was, therefore, 36 square feet, and the area of 
stapple equal to 40 square feet, hence the atmospheric pressure would be 
equal to 164, 160 fi)s. 

Applying this pressure to an area at the gullet of the trouble equal to 
180 square inches, we have the enormous pressure at the time the gas was 
issuing, of 912 lbs on the square inch, or equal to 60*8 atmospheres. 

It seems almost incredible, on looking back to it, that we could have 
80 great a pressure, but it must be home in mind that this seldom con- 
tinued for many minutes, whilst, at the same time, it must be re- 
membered that not only the air was pressed back in the drift, but like- 
wise that every possible place in the workings was filled up, whilst the 
gas was also flowing up the stapple into the return ; we cannot, therefore, 
doubt that great as this pressure was, there is reason to think that for 
some seconds, and even minutes, it was still stronger. 

Two points are required to be borne in mind with regard to the ra- 
pidity with which the two returns, and the intake or drift air-course were 
filled with gas on this occasion, both of which go far to establish the 
assumed conditions of equilibrio which I incline to prove. The first is 
the amazingly sudden way in which the whole area excavated was filled 
with gas. To use the words of the deputy, " He had," (after going his 
rounds and finding all right,) "just tm-ned his back upon the men, and 
sat down at the flat, when it was announced to liim that every place was 
full of gas, and it was with difficulty the first men got out." 



42 

The second is the apparent anomaly of Eell^ at the place L^ not beings 
80 soon affected to a suffocating extent as the other men^ althougji even 
he could not be many seconds after they left before his attention was 
aroused; as he described it, by the sudden silence of the pit after the 
putter ceased to move. 

This may be accounted for by the fact of the gas having pressed the 
good air more upon Kell than the other men ; and although the process 
of diffusion would bo imdoubtedly going on, still the time was too short 
to admit of this being hurtful to a serious extent. 

Again; with regard to the area of space filled in, at the utmost, a 
minute of time^ the cubic contents of the several air ways would be as 
foUows : — 

The North return 14-139 cubic feet. 

The Intake Air-course 16*240 

The South return 10-666 

TheStapple 2-600 

Low Main returns 3*600 

Total 47*044 

Applying this quantity to the gullet area of the blower; and assuming 
the time of its exuding at one minutO; we have the apparent velocity of 
g^ escaping per square inch of surface in that time equal to 261*35 feet; 
or at the amazing rate of 37,634*40 per square foot of area. 

Nor is this all; for it cannot be doubted that when the gas arrived at 
the point £; its density must have so far changed as to bring a fresh 
element into play ; and its velocity in flowing up the stapple woidd be 
accelerated in the ratio of the specific gravity of the atmosphere and gas 
at this place. 

By this cause its flow along the drift would be checked; and from it 
we may assume the reason of its ceasing to flow beyond a certain point; 
but remaining stationary at this place — ^thus causing us to conjecture that 
not only was the air current stopped back; but that the gas was flowing 
up the stapple; yet not with sufficient velocity; or even with the same 
rapidity as it was produced by the blower. 

It will from these facts be seen; that in assimiing a condition of equili- 
brio; we are under rather than above what the actual conditions of the 
case would justify. 

I have assumed in this that the gas was merely forcing back the intake 
air; and not mixing with it ; such; however; was not the casO; as the 
explosion referred to on the 16th June would lead us to infer that the 
process of diffusion was in rapid progress. 
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Another and curious feature about this blower was the great degree of 
coldness of the gas and water at the point of issue, and even all the way 
as &r as the stapple. 

I am unable now to speak to the temperature in exact terms, our 
attention (being too completely concentrated upon measures of safety 
at the time) causing us to neglect an examination upon this point ; be- 
yond, therefore, the fact that the men complained bitterly of the cold 
whilst working in the water even at midsummer, and that in approaching 
the blower when giving out gas furiously, you felt as if a blast of exces- 
sively cold wind was coming against you, we can add nothing positive 
with re^rd to the temperature of the blower itself. 

Had I been aware at the time of the importance of every detail, this 
part of our practice would certainly not have been neglected, as from 
what I shall hereafter refer to, I should conceive the actual temperature 
of gas, in its primary issue from the blower, will eventually prove to be 
an index of normal tension or pressiure. 

The actual pressures previously referred to are as close an approximation 
as we could come with the details in our possession, and to use the words 
of the workmen whilst the gas was at the worst, and we were passing all 
the air we could into it. '^ it was the same as pressing it against a stone 
wall, you couldn't lift her." 

We were so fortunate in all the trouble we had with the blower, (which 
lasted several months, and though it ignited several times and exploded 
once,) as to pass through our ordeal without even a singed hair to any of 
our workmen. 

The occasion on which it exploded was a curious one, and occurred on 
the 15th of June. 

Six men had been busy shooting down stone, to increase still further the 
intake between the stapple and the blower, and had retired to get some bait 
or refreshment, to the outside of the stapple, and in order to show a better 
light one of them had stuck his candle against the wall at N, about four 
feet from the ground, whilst sitting here one of them happened to look 
np when he obseiTed the flame suddenly lengthen, and immediately 
cried out to his companions that they were all lest, and had scarcely 
spoken when the gas exploded ; they had started all up at the same 
time and were running along the drift as fast as they could, whilst 
80 engaged the force of the explosion passed over them tumbling them 
all head over heels, but not burning any of them. 

When they got to the turn at the shaft end of the drift they then 
looked back and saw the gas quietly go out of itself. 

Vol. III.— Nov., 1854. o 
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An examination of the drift afterwards showed us that the stopping 
at the stapple had heen hlown down from the intake side^ and that a stone 
stopping at the top of the arch at M, had been shifted firom its place all 
in a lump, although built very strong and 7 feet thick. 

The remarkable escape of these men can only be accounted for in this 
way, that the gus had tailed out as shewn in the annexed plan^ and that 
although the extremity of the tail would be meeting the air and gra- 
dually becoming more explosive, yet, that none of it was eminently so, 
and that though the blast had had sufficient force to knock out the stapple 
stopping, yet as soon as it got to the west of this point it merely ignited 
the gas and then extinguished itself. 

As there were no signs of bums about any of the men^ we may come 
to the conclusion that their being turned over and over, as described, was 
due merely to the motion of the aur caused by the explosion, and that 
this was also sufficient to move the wall at the point M, which, as before 
said, was 7 feet thick. It cannot at the same time be doubted that had 
our current of air been less energetic the diffusion would have been 
greater, the explosion would have ph>portionably increased in violence, 
and that its effects would have been far more serious. 

We had also another practical proof of the force of gas coming from 
this blower at another time, which is worthy of i*emark. 

In order to avoid pumping the water still exuding from the gullet or 
fissure at the trouble, it was advisable to try and dam back a portion of 
it so as to raise its level, and thus get it to flow through pipes to the level 
portion of the drift, and thence to our engine pit. 

In doing this, we attempted, in the first instance, to put it (the dam) 
in close to the trouble because we were rather confined in distance of 
coal to make the work secm*e. 

Our first essay proved a failure, from a most unexpected cause, as we 
had, without knowing it, planted the dam upon a fissure in the stone, 
from whence it was apparent both gas and water was issuing alternately 
Our dam was constructed of Memel balks cut in two, and placed one above 
the other, clay being beaten in on the inside, so as to make all tight as 
we proceeded. The timber vras cut 10 feet long, so as to have a hold on 
each side, as shewn in the annexed diagram, and we got five pieces 
in as shewn, and then began to put in props of larch 9 inches diameter, 
two of which we succeeded in getting in, and had nearly gotten in the 
third when the pressure from below raised the dam so as to foi*ce and 
literally split up our props against the roof, like so much matchwood 
completely into shivers, we we^^ thus obUged to shift the position of the 
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dam^ 2 feet further eastward^ where we succeeded in getting it in with 
very little trouble. 

Daring the whole time^ however, we had conclusive evidence of the 
parity of the gas, which firoquentl j forced us to retire for fresh air above, 
and no lamp could be got to live mora than 5 minutes in it unless con- 
stantly kept moving, the effect of the gas when in its purest state, was 
most injurious to the men> not one of whom could remain more than 5 
minutes in it at a time when it was at its greatest pressura without be- 
coming insensible, or on getting out into the fresh air being excessively 
side, as I have befora described, and in addition to this if he continued 
in for 2 or 3 days occasionally working amongst it, it was several weeks 
before he recovered his health and colour. 

Having now detailed our practice with this blower during the 4 months 
in which so much trouble and anxiety was experienced with it, I must now 
proceed to such theoratical and practical deductions as this exceedingly 
important subject deserves, and which doubtless will be interesting to the 
membos of the Institute. 

In doing so I would wish to divide the subject into three heads, the 
first being as to the origin of the gases we meet with in coal mines, both 
in the coal itself and in the circumstance of blowers, as in the case of 
Pelton in 1847, the second referring to such suggestions as have struck 
me with r^ard to contending with inflammable gases in this shape, and 
thirdly, with raferance to such future steps as may appear necessary to 
follow out and investigate more fully than heretofore this important 
subject. 

1st. — Oriqin of Gases in Coal Mines. 

It appears to me that there are only three positions in which gas can 
be simply produced in coal mines. I say simply preduced, because I 
would submit, that in the case of such blowers as have been described at 
Pelton, the gas has not only been produced but stored in a very remark- 
able manner, to which I shall hereafter refer, disting^hing it however 
from such freshly formed gas as is commonly met with in the coal itself* 

The three positions refeired to are as follows, firstly, by mechanical 
compression upon seams of coal ; secondly, by subterranean heat acting 
upon the coal ; and thirdly, by the decomposition of animal, vegetable, or 
mineral substances, as in the case of pyrites. 

With respect to the third position, it does not appear to me that it can 
come into action in coal mines except in the case of decomposed pyrites, 
and even in this case it is not the sort of gas which is generally met with, 
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and that the instances of sulphuretted hydrog-en have not been sufficiently 
proved in coal mines to demand more than a passing remark that it ought 
not to be lost sight of in future mvestigations. 

Again, with regard to subterranean heat, we have no proof that 
jts actionj on the seams hitherto reached, are sufficient to produce gas, 
whilst, on the other side, we have abundance of proof that it is not the 
deepest seams which are most prolific in gas, hence, until more conclusive 
proof be had, we must reject the theory that gas is evolved in coal 
mines by the agency of subterranean heat. 

We find, for instance, that the Monkwearmouth pit, which is far the 
deepest of oiu: district, with the single exception of the new Seaton 
winnings, enjoys an almost complete iumiunity from gas comparatively, 
with many mines of one-third the dei)th, and in none of the authenti- 
cated cases of casual or 2)ermanent issues of gas do we find temperature 
at all alluded to as forming an item deserving attention, of course I speak 
of coal-mines, with regard to issues of gas on the surface of the earth, 
there are numerous cases, such as in the Caspian Sea, &c. &c., and chiefly 
in the neighbourhood of hot springs, whose temperature no doubt will 
have some connection with these issues of gas. b 

Next with regard to issues of gas by mechanical compression it would 
appear from all the evidence hitherto brought forward that this must 
depend upon two circumstances, firstly the natural stmcture of the coal 
and the power or force employed, or in other words upon the weight of 
strata beariug upon the coal in its natural state in the mine. 

In proof of this I would refer to the Hutton seam which is known at 
Bedlington as a hard steam coal, and is there almost devoid of issue 
of gas, whilst the same seam at Wallsend, Felling, Hebbum, and in the 
Wear (but with an entire change in its natural stmcture,) is notorious for 
its production of gas, so much so as even to light up in the tubs, in which 
fractured pieces are being brought to bank so soon as you lift a few piec^ 
2^Qd thinist a candle into them. 

Sir Humphrey Davy who I believe has done more than any other man 
since the commencement of the present century to inform us of the true 
nature of explosive gases, plainly points out that gas is very simply 
evolved from coal by mechanical pressure, and with view of proving it he 



b The chief places where carburetted hydrogen g:aa in known to exude on the surface 
of the earth, in which the cause is traceable to the operations of heat, are at Pietra 
Mala in the Tuscan Appcnines, Iceland, Punt Gibaud in the Auverg^e, and on the west 
coast of tbe Caspian Sea — all more or le^s the loci of volcanic influences. 
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bruised some large lumps under water, and they gave off inflammable 
gas. e 

If then, fire damp or gas can be forced out of isolated fragments of 
coal simply by bruising them it is not di£ScuIt to see what must be the 
effect of enormous weights of strata pressing upon coal in the natural bed 
eq)ecially when further increased by the excavation of large tracts of 
jnllars and workings. 

Supposing that there was no issue Jrom blowers in tJte barred-up mvnef 
the case of Percy Main (so accurately described by Mr. Taylor) establishes 
the &ct that there the natural issue from that seam is at a pressure of 4J 
atmospheres, yet there are cases where the same seam is almost free 
from gas even with the same cover as at Percy Main, hence this issue 
must depend upon two causes, viz., the- cover and the natural or chemico- 
mechanical structure of the coal. 

A comparison therefore of all the circumstances connected with cases 
of this kind is therefore needed to come to a true conclusion, and I do not 
doubt that were such rigidly instituted it will be found that in propoi*tion 
to the specific gravity and the several predominant chemical constitu- 
ents so will be the pressure at which the gases will issue from the coal 
in its natural bed. 

Probably a microscopical examination may at some future time lead us 
to compare different coals together, or even to measure the minute pores 
firom which the gases issue, if this could be done a further verification of 
this theory might be found. 

Again, with regard to blowers, they occiu* under such different phases 
it is difficult to come to an accurate conclusion, with some the gas comes 
off dry, and there is a total absence of water, whilst in others it comes 
off with water, and it cannot be doubted its issue is intimately connected 
with this element, in others again the blower lasts for a few days or 
months, and frequently it has been known to endure for several years. 
With regard to the Pelton blower of 1847 it ceased very soon after the 

e The fire-damp is produced in small quantities in coal mines duringp the common 
process of working*. The Rey. Mr. Hodg-son informed me, that on pounding' some 
common Newcastle coal fresh from the mine, in a cask furnished with a small aperture, 
the gas from tlie aperture was inflammable ; and on breaking some large lumps of coal 
imder water, I ascertained that they g^ve off inflammable g^. Gafl is likewise dis- 
engaged from bituminous schist when it id worked. This is probably owing to the coal 
strata having been formed under a pressure greater than that of the atmosphere, so that 
they give oft' elastic fluid when they arc exposed to the free atmosphere ; and probably, 
coals, containing animal remains, evolve not only the fire-damp, but likewise azote and 
earbonio acid, as in the instance of the gas sent by Dr. Clanny. — Page 23, Sir H, 
Davy on the Sqfety Lampj and Eesearches on Flame, 



48 

final diminntion of water^ and my own view of its existence is based upon 
one of two positions which I shall describe by aid of a diagram. 

One peculiar feature of this blower was^ that both it and the water 
came fi-om the floor of the mine apparently firom a lower level, and we 
find wherever we have attempted in this mine to go deeper than the 
Hutton seam^ we have met with gas accompanied with large feeders of 
water, in one instance where I bored 200 feet lower we had a large 
quantity of water and gas mixed, and irom this point the gas has neyer 
ceased, although it is now 5 years since the hole was put down. 

My view of the Pelton blower is this : the 10 fethom trouble referred 
to so firequently, is a great derangement of strata passing firom Famacrea 
oyer by Pelton and so southward over a great extent of countiy, in this 
wide range there must be many crevices or fissures connected with the 
main trouble, all acting as service pipes from some head of water, pro- 
bably at a very great distance, and that tmtil the moment of cutting the 
feeder on the S2nd of April, this column of water had held back the gas 
in a highly compressed state, and that so soon as it was reUered of this 
pressure, it issued into the mine at the same or even a greater pressure 
than that of the water itself, thus : — (See Diagram.) 

The question is where have we the height of ground necessary to give 
so great a pressure as 9129)s. on the square inch, or 60 atmospheres, to 
this I reply that the highest hill of the coal formation in the County of 
Durham is probably about 15 or 1600 feet above the level of the sea, 
suppose we take it at the latter, we must add 120 feet for our position 
below the sea, this gives us 1720 feet as the probable height of water 
column in the case of Pelton. 

Simply assuming 35 feet as the quantity necessary to balance 
an atmosphere, we have 1720-7-35, or 49*14 atmospheres, which 
taken firom 60*8 leaves 11*68 atmospheres still wanting to complete the 
pressure. 

This would, therefore, appear contradictory, but if it is recollected that 
the g^s and water both came firom the fioor of the mine, and that there is 
no knowing how fiur these fissures may proceed downwards, we shall still 
conclude that there is probability enough left in this conclusion. 

Secondly, we have also the fact that large masses of strata when separ- 
ated for a length of time by so incompressible an agent as water, may, 
by being relieved of it, suddenly collapse, and thus go far to explain the 
pressure of gas and the intermittent character of the blower I have at" 
tempted to describe. 



Sketch to lUusirate supposed Relative Positions of Water 
and Gas at Blower in Pelton GoUiery, in Drift of 1847. 







Position in which >^^ 
Blower was met with in 
Drift, April, 1847. 

Fissures sup- 
posed to be filled with 
water commvmeating with 
a m'uch superior height by 
means of disruption ofstra* 
ta caused by small trouble 
communicating with main 
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trouble at D, and by its 
pressure holding bach gas 
at great tension in the cavi^ 
ties or fisswres of the main 
trouble at C O O, and 
which flowed out with great 
violence at the blower A 
when cut in the stone drift 
so soon as the water abated* 
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SkDLT. — SuOOESTtONS FOR FuTURE CONTENTION WITH BlOWSRS. 

There are several points which have been forced upon me by the 
struggle we had with the blower of 1847, and which will be applicable to 
similar cases. 

In the first place, I would submit that mechanical or steam jet, or in 
fact, any ventilation which, unlike the fiimace would have ceased on the 
first cessation of the prime mover by the firacture of machinery pipes, &c., 
and whose momentum would end almost simultaneously with that fracture, 
would be most imprudent in a case like the Pelton blower. 

What, I would ask, would have been the result (if we had adopted me" 
chanical ventilation) on any of the great occasions of eruption I have 
referred to? why instead of the gas coming so for out and reversing our 
air currents it would have mixed and diluted our channels all the way to 
the sur&ce, where it would have been very difficult to have prevented its 
contact with flame, and who, in such a case as this, could venture to pre- 
dict the firightful results with certainty? 

The foot is that the underground furnace is peculiarly adapted for coal 
mines, and for blowers of this sort in particular. It possesses a permenancy 
of action in the heated shaft which endures long after the fire itself is ex- 
tinguished, which is possessed by no other system of ventilating power. 
Although in the case of Pelton this could not be done but with regard 
to future blowers, I should strongly advise all exploring places to be pushed 
far in advance, where hitches are expected, and having found the benefit 
would recommend the returns to have at least three times the area of the 
intake, so as in case of sudden eruption there might be a space of at least 
three times the content to be filled before any backing of the main air 
current could occur. The intake should also be enlarged as much as 
possible. 

Lastly, it will be seen how progpressively the air current was increased 
as the gas got stronger in our case, and how, notwithstanding all this, the 
the lamps were useless amongst gas of so dense a nature ; so much was 
this the case as to cause me seriously to enquire wAetJier or not provided 
the area of my air currents could be still further increased, it would not 
be more prudent to increase their area together with the returns, and use 
nothing but naked candles, relying upon the non- explosive nature of the 
gas in its pure state, in preference to leaning too confidently upon the 
use of lamps, which I feel sure has been frequeatly done to a dangerous 
and improper extent. 

3rdly. — Future Investigations. 
I should after all I have seen be inclined to consider it by no means 
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7f tCBoLAs Wood, £bq., Piiesident of the Institute, in the GnAin. 



l!he pRBSiSBm' called upon the Secretarj to read the minato& of the 
kit meetiDg, and also of the CounciL These havbg been read,^ 

the Prbsidbnt said the members for election to-day, were— Mr. 
nonaB Wale% of Dovlais Iron Works, near Merthyr Ty dvil, proposed 
1^ Jb. Edward Sinclair ond himself; Mr. Samuel Hunter, of Tredegar 
frott "Wotke, near Newport, Monmouthshire, proposed by Mr. Edward 
Biadair and himself; and Mr. John Trevor Barkley, at present resident 
at Constantinople, proposed by Mr. Edward Potter and Mr. H. G. 
Loagridgfi. 

These three gentlemen were, respecUvely, elected unanimously. 

The Pbesidbnt observed that previously to the reading of Mr. Long- 
rite's paper, ho believed the first thing, according to their regular 
rootine of proceedings, would be to enter upon a discussion of Mr. Beid's 
p^ier. But as gentlemen had only had that paper in their bonds a day 
or two (some, probaMy, not having yet received it at all,) it would be, 
peritaps, more convenient, if it met with the approbation of those pres^t^ 
to postpone the discussion till next meeting. 

This arrangement was unanimously assented to. 

Mr. T. Y. Hall intimated his intoition to nominate Dr. Richardson 
w a member of the society. 

Vol. III.— Dec, 1854. t 
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A letter was read from Mr. J. Dumolo, of Dunton House, nexir Coles- 
hill, Warwickshire, requesting the Secretary to give notice of his inten- 
tion to nominate Mr. James Holt, of the Stanton Iron Works, near 
Derby, as a member of the Institute. 

Mr, LoNGRiDGE then read his paper on "The Coal Fields of the 
Ottoman Empire." 

In the course of the reading, and subsequently, some questions were 
asked by members with respect to its statements. 

Mr. T. J. Taylor remarked, that the coal field which had been thus 
described was much larger than he had had any idea of. 

In reply to the President, Mr. Longridge remarked that the limestone 
was found underlying the grit ; and, in reply to another member, he said 
that in the district described, hills were thrown up in every direction and 
in every form. The whole district was extremely mountainous. In an- 
swer to another question, Mr. Longridge said that the spontaneous com- 
bustion referred to in the paper arose from pyrites, and not from the coal. 

Some specimens of coal from the district described in the paper were 
produced by Mr, Longridge, and examined by several members. 

Mr. Longridge remarked that the Rodosto coal was perfectly cubical, 
but there was a difference in fiticture between that and the Selivrea coal. 

Mr. Dunn obsei-ved that the specimen from Selivrea was like a kind 
of fossil coal ; it looked very hke the parrot coal of Scotland. 

In reply to Mr T. Y. Hall, Mr. Longridge remarked that it burnt to 
a red ash. 

Mr. Hall spoke of coal in certain districts in Austria which was very 
like it ; it produced very Httle flame, and burnt away entirely to ash. 

The President suggested that Dr. Richardson should be requested 
to analyse the specimens, and that the result of his analysis should be 
printed to accompany the paper. 

It was understood that this was agreed to; Mr. Longridge remarking that 
the specimens he produced were perfectly at the service of the Institute. 

[Accompanying the paper, it may be here remarked, was the result of 
an analysis of several specimens by Dr. Lyon Playfair ; which had been 
forwarded for that purpose by Mr. Longridge. There were also appended 
reports from the Admiralty as to the value of the coal for the purposes of 
war steamers.] 

Mr. Longridge observed that he did not produce these pieces of coal 
as samples of the coal generally in the district. The Rodosto coal burnt 
much brighter than the Selivrea coal. 



M^^ 



55 



In answer to Mr. Taylor, Mr. LoxoniDGE remarked that the Erekli 
coal differed altogether irom a bituminous coal ; it burned quite bnght, like 
Newcastle coal ; in fact, it was very little different from the Nt;>vcastld coal. 
Mr. Taylor asked if there was anything of wliich Mr. Longridge was 
aware, that would cause a bituminous ctwl to assume that tihaiKJ. — Mr. 
LoNGRiDOE said : Nothing whatever. 

The .President thou*rht it was a sort of anthracite coal. 
In reply to Mr. Hall, Mr, LoxCf ridge remarked, that in some in- 
stances the coal beds dipped down towards and underneath the sea. 

Tlie President suggested, that Mr. Longridge should prepare a 
sketch of the localities to which he had alluded in his piiper ; giving a 
larger sort of outline than could be obtained in an ordinary map. This 
would form a very desirable accompaniment to the paper when print<»d. 
They were very much obliged to Mr. Longiidge for giving them a de- 
scription of this coal field; wliich to liim (the President) was very 
much more extensive than he liad had any idea of. 

Mr. Longridge assented, and promised to prepare such a sketch as the 
chairman had suggested. 

The President said, their next proceeding was with reference to a 
paper with which they had been favoured by Mr. Atkinson. It was 
very voluminous, and he thouglit it woulil prove to be a very valuable 
paper. It containcil, however, so much of imalysis that it was scarcely 
suitable for reading at a nif.^eting like the present. The Council had ex- 
amined it; and they thought it had better be considered as read, and 
printed in the proceedings of tlic Institute : the Society could tlien come 
to its discussion at the next mcetin'r. The President read the various 
headings of the paper ; which is devoted to the subject of ^Tho Theory 
of Ventilation." It seemed (he said) to comprehend evei-ything relating 
to the ventilation of mines; and ^Ir. Atkinson must have taken a gieat 
deal of pains in the iiroduction of such a paper. 

Mr. T. J. Taylor remarked, that the i)aper was valuable as a sort of 
compiled history of wliat had been done u[) to the jiresent time in con- 
nection with the subject of ventilaticjn. 
Hr. Dunn askeil, if the paper could be abbreviated. 
The President said : Not Ixiueficially. The subject was a very com- 
plicated one, bi*anching out into diileront sections ; and tlio paper brought 
their infoi-mation down to the present time. 

It was understood that the paj^j would be printed and cii-cuhitod in 
the proceedinjis;s ol'thi.' In-litut-.'; and «!! :!i.-LLMi at ihij fuiiuwijig nicetinir. 
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A Member suggested that as the paper was so voluminous, it should be 
divided into four or five papers ; which would admit of a more ample 
discussion. 

The President thought it would be better to have it printed alto- 
gether ; and then it might be discussed at as many meetings as might be 
found necessary. 

Mr. Atkinson concurred in the Chainnan's suggestion ; because one 
chapter was so linked in connection with the others, that each would be 
incomplete without the remainder being printed. 

From some conversation it was understood that Mr. T. Y, Hall would 
contribute a paper on certain coal fields which he hatl visited in Austna ; 
and the President suggested (as Le had done with refiircnce to Mr. 
Longridge's paper) that Mr. Hall should lay before them at the same 
time a sketch of tbe locality. 

Mr. Dunn feared that the Institute too seldom got its papers thoroughly 
discussed. Mr. Hall's last paper had never been thoroughly discussed j 
it had only been touched upon. 

Mr. Taylor would be glad to see the printing of the papers completed 
earher. If the papers were in the hands of members a week before the 
meeting, that would be satisfactory. But this was never the case. He 
(Mr. T.) did not get his copy of Mr. Reid's paper till yesterday. 

The Chairman threw out the suggestion of allowiDg a month to inter- 
vene after members received the papers before discussing them. 

Mr. Dunn feared the interest would be lost by the intervention of 
other topics. He thought, with Mr. Taylor, that it would be desirable if 
the printing could be forwarded. 

The President said, every effort had been tried to accomplish this, 
but it had been foimd impracticable to obtain greater dispatch than at 
present. The President suggested that if it were thought Mr. Hall's 
paper had not been completely discussed, the discussion could be ngain 
gone into. 

The President said, tbe next subject to which he had to direct at- 
tention was one of very great importance, as the members would have 
observed by the circular. It was the question of establishing a Mining 
College, connected with this Institute, llie Council had sent a few 
heads of what was generally proposed to be the outline of such a college. 
These had been only hastily drawn up, not under any expectation that 
they could be regarded as perfect, but rather as heads for discussion at a 
meeting of the membeiti. The Council had considered the subject very 



flerionaly, and discussed it at very great length ; and they had come to 
the unanimous conclusion that the best plan would be for the members to 
appoint a committee— or to appoint the Council themselves to act as such 
committee — ^to draw out the details connected with the proposed college 
mora specifically than was done in the paper before him. Such a com- 
mittee would state every thing relative to the college in detail^ and more 
specifically than was pointed out here. If this meeting thought such 
would be a proper course^ it would render it unnecessary to go into a 
discussion of the different points to-day. It was proposed that a special 
meeting should be called^ at which the reiK)^ of such committee (or of 
the Council, if appointed) should be laid before the members, and then 
its discussion could be entered upon. Pcr]ia])s it would save time if such 
a course were now adopted. At the same time he should be very glad 
to hear any observations which any gentleman had to make upon the 
subject, because that might assist the Council in drawing out the details. 
The President added that time was especially an object in this matter, 
because there had been many applications and inquiries as to what pro- 
gress had been made towards the new institution. During a journey into 
some of the other mining districts, last week, several persons had been in- 
quiring when they could send their sons here ; therefore time was of some 
consequence. According to regular routine, there would be no meeting 
of members next month, being the Christmas season; there would 
lie no regular meeting till two months hence. That would be too long a 
time to defer the subject, which should bo decided upon as soon as pos- 
sible. If the meeting should tliink it advisable to pursue such a course 
as he had pointed out, it would be necessary for the Council to meet this 
day fortnight. 

Mr. Dunn (to the President) : Do you mean that the Council or com- 
mittee should report upon each of the heads laid down in this pai)cr ? 

The President : Yes. 

Mr, T. J. Taylor : Or in any way they may think fit to deal with 
the subject — to report at large. 

The President : To consider what is neccssaiy for the mining jwpu- 
ation and for the mining engineers. If a Mining College were established 
here, no doubt those connected with our chemical manufactories, and, in 
fact, all connected with the manufacturing interests of this and other 
districts would send their sons, because it would be adapted to them ns 
well as to the mining population. But the great olgect would be to 
meet the wants of the mining interest; and it would Im' for the Council^ 
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or the committee whom you may appoint^ to adapt the institution a^ 
much as possible for that purpose — still keeping in mind that it ought ta 
be generally useful, or it will not be successful. 

Some conversation then followed, in which the President suggested 
whether it would not be desirable that whatever report was drawn up- 
should be circulated among the members previously to the meeting for 
discussion, so that they might come prepared for such discussion. 

Mr. Dunn sugs^ested whether it might not be desirable to encourage 
members to send in suggestions to the Council previously to their drawing 
up their report. 

Both these suggestions appeared to meet with general concurrence j 
and the conversation terminated in the imanimous adoption by the 
meeting of the following resulution : — 

*' That tho Council shall be instructed to draw up a plan, in detail, for the insti- 
tution of a Mining CoUeg^o — grivlng the scheme or 83''8tem of education to be pursued; 
the terms of admission ; the support to be sought for such institution, with all other 
requi^iite details ; and that this report be laid before a special general meeting of the 
members of this society, to be convened for that purpose on this day month, tho 4ti^ 
January, 1855. 

" That, in tho meantime, the Council will be glnd to receive from individual mem- 
bers any suggestions that may be deemed useful, the same to be sent in on or before 
the 16th instant; and that these resolutions be conveyed to the members by circular 
forthwith." 

A Member asked if the report of tho Coimcil would be circulated at 
least a week before the meeting ? 

The President said : At least a week, if it could be accomplished. 

Mr. T, J. Taylor then directed attention to the following letter, which, 
he said, had been received from Professor Airey by Mr. Anderson : — 

" Royal Observatory, Greenwich, Nov. 29, 1854. 

" Deal*, Sir, — It will, I am sure, be satisfactory to you to know that 
upon working up our pendulimi experiments we have this day come to a 
set of results, which enables me to say that the instruments have stood 
perfectly well, and that there is every hope that the conclusion will be in 
the highest degi»ee trustworthy. The result now obtained is that the 
force of gmvity is greater at the bottom of the mine than at the top by 
19+9 P^*^ ®^ ^'^^^ ^ clock which goes tnie time at the top would gain 
2\ seconds per day at the bottom j and this implies that the genertil den- 
sity of the eai'th is 27 that of the coal measm*e.s ] which is a greater ilea- 
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sity than I expected. I am now encourao;ed to g-o on working wp every 
part of the problem with greater care. And I write this day to Mr. 
Arkley^ begging him to give mc a small piece of information which will 
guide me in making preparations for the next step, namely, the accurate 
measure of the depth of the mine. 

" I am, my dear, sir, 

*' ver}' tndy yours, 

" G. B. AlREY." 

Mr. Taylor remarked, that the experiment was a verj' curious one, 
and gave results much higher than had been obtained by other experi- 
ments 'f especially by the Cavendish experiments, and those on the moun- 
tain Schiehallion. Mr. Taylor said that on a rough calculation, ho 
conceived the medium density of the coal measures to be 2236 ; water 
being lOOO. Now multiplying this result by 2'7, it gave the mean den- 
sity of the earth at 0*3 times that of water ; which was larger than they 
had hitherto been taught to expect. The nucleus of the earth must 
therefore be very heavy. 

The President observed, that some experiments of a similai* character 
in Cornwall, had failed very much in coasequence of the di£Sculty of 
getting correct measurement of depths, and good communications under- 
ground. But in the present instance, the experiments had been much 
more accurately conducted } and there was reason to be very sanguine 
that some very accmnte conclusions would result. 

The meeting then separated. 







V—:: 









s ■ 







\ — - V_' 



z 
o 

u 

bl 



bl 

O 



§ 

li 

i 



Cm 
O 



§ 

M ^ 






\ 






\ 



— . .-iS 



















^ 
^ 






. . . » 



a 

u 

# ■ 















] 



' K 



1 .; ■ 1 ' 1 -• I I ; I ■ > ' • » •/ 






z 
o 

u 

bl 



O 



Cm 
O 







§ 

m 

i 



« 



(• 



I 

!; 



e 






I 



n 






00 



«• 



I- 

■I 














« t 



< 

... • » 



V 



IB. 



'c. 



^ 

^ 



CI 



NOTES 

OV THB 

COAL DISTEICTS 

OP 

EREKLI (ANATOLIA), & RODOSTO (ROUMELIA), 

IV THB 

OTTOMAN EMPIRE. 



BY H. G. LONGRIDGE. 

In venturing to comply with the desire of the members of this Insti- 
tute^ to give some account of the coal fields of the Ottoman Empire, now 
a coimtry on which the attention of the whole world is rivetted with in- 
tense anxiety, I must apologize for the very imperfect manner in which 
I can only bring such information before you, and beg you to bear in 
mind that it was collected in travelling through an extremely mountainous 
district, destitute entirely of roads, and covered with one dense mass of 
forest and underwood, diuing wretched weather, in the months of No- 
vember and December, and that except where the principal inine now is 
I had no opportunity of further exploration. 

Another and most serious difficulty I encountered was in having to 
draw all the information from the miners I found partially working the 
mines, through an Interpreter not over well skilled in English, and en- 
tirely devoid of any mining knowledge, so as may be well supposed I received 
sometimes rather incomprehensible information. Hoping at some no 
distant day to give more accurate details respecting those mines which 
are now producing the coals for the combined fleets in the Black Sea, 
under the working of Her Britannic Majesty's Government; I shall 
merely abstract from my journal, adding such remarks as may be ne- 
cessary from matters subsequently come to my knowledge. 

Vol. III.— Dec, 1854. k 
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It will first be as well to notice the method in which these mines had 
been worked previous to my visit in 1850, 

The monopoly of the coal in the Ei'ekli (Ileraclea) district, situated in 
Anatolia, on the south coast of the Black Sea, belonged to the Sultana 
Validt>, and other members of the Imperial family, with one or two of 
the influential Pashas. 

Any person was allowed to open out a seam, and received a certain 
sum per cantai* (120 fts.) for the coal on the sea shore 5 hence ai'ose the 
system adopted throughout of working without either skill or capital. 

The principal masters or workers of these mines are Groats or Monte- 
neg^rins, who formerly had been brought over to quarry stone at Constan- 
tinople, but on the discovery of these mines were sent up to them. 

Any one having discovered a coal seam within distance of easy carnage 
to the sea, applied to the mine Director for leave to work it, which being 
obtained, the working commenced by following in the seam from the 
outcrop as far as practicable for water or the roof faUing in 3 in very few 
instances did I find a place holed roimd, and they had invariably begun 
at the top of the mountain and worked downwards. 

The coal being hewen, is canied out on men's or boys' shoulders in 
small baskets, each containing about SOSbs. or 409)s. of coal, or in case 
of a large piece, it is slung, and so carried out alone. 

The coal was thrown down as near the drift mouth as a convenient 
place occurred for mules, horses, or bullock waggons to come for them. 
As soon as the master of the mine thought he had sufficient quantity 
laying in heaps, which might be three months or more, he applied to the 
mine Director for the horses, mules, &c., to bo sent to convey the coal 
to the sea shore, where it was carried by them in panniers, and again 
thrown into heaps as soon as weighed. This heap was constituted of the 
produce of all the neighbouring di'ifts or mines, and neither screened or 
wailed. 

When a ship arrived, the coal again underwent the process of being 
carried in small baskets to boats containing 4 to 5 tons each, and thence 
oiF to the ship, where the baskets were again resorted to, to put it on 
board, next the voyage, another boating and basketing, and at last the 
coal was deposited in the dep6t or magazine to await tbe final basketing 
and boating for consumption. Such being the process, and all bands, 
pyrites, &c., &c., gomg m together, as well as most of the best seams 
being naturally tender, it can scarcely be wondered at if the report from 
two of Her Majesty's steam vessels annoimcod it utterly worthless. 
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The village or town of Erekli is situated about 100 miles from the 
mouth of the Bosphorns^ and is also marked on many maps Penderaclia 
and Heraclea, and contains the only safe refuge for ships on the south 
coast of the Black Sea, between the Bosphorus and Sinope ; and although 
an open bay, has deep water close to the shore on the most sheltered 
Bide, where a large depdt could easily be made, and the largest ships coaled 
at any time by spouts with little expense or difficulty. 

Before getting to Erekli, however, I should mention a valley called 
Donghiis Dereh, from which I received specimens almost similar to the 
coal of Rodosto, and entirely different from the coal of Erekli. This 
valley is close to the mouth of the Bosphorus. I entertain little doubt 
that this then approximates the eastern limit of the coal field extending 
west to Lamsaki, and the shores of the Archipelago and north of Marmora, 
by Gallipoli, Rodosto, to Adrianople. 

The whole of the coal district from Erekli to Amasserah has been 
violently disturbed subsequent to the coal formation, hence throughout the 
whole district the scams vary in position from perpendicular to an angle 
of 20^ ; also fr-equently doubled over like a horse shoe, and twisted over 
and over in a space of a few hundred yards. In one place where this 
was remarkably Dp])a«^-at, the coal had been wrought as a quarry with a 
fiice of about 150 yards. 

The first coal I found going East from Erekli was in some ddbris at 
Chambli, about 4 miles distant, the mines here having been some time 
abandoned. 

The small pieces of coal were peifectly clean, bituminous, cubical 
fracture, and burned with a clear bright flame, and little ash ; the shale 
was such as is here termed tender grey metal. The seam appeared to be 
about 4 feet thick. 

A small drift not far from here is probably in the same seam which is 
here greatly distorted, to judge from the mouths of the abandoned drifts. 

About a mile and a half further, on the top of a mountain, a 12 feet 
seam had been worked open cast, but appears to have contained bands 
varying from ^ an inch to 4 inches. 

Were this seam worth workmg a stone water level drift would cut the 
seam at a short distance from the bottom of a ravine, which is very deep 
and undei'level a great extent, probable proving several seams instead 
of one. 

At Ahjasah, about 8 miles frum Erekli^ are several seams of good coal 
4 feet to 4J feet, but appaiently tender. 
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Over the next mountain^ probably a mile and a half; lays Ghoilshazar, 
probably one of the most curious formations of coal yet seen. The valley 
is wider and more open than most of the others ^ in which a large hillock 
about 100 yards by 30 or 40 high^ had been partially quarried away 
exposing a mass of broken rock run into a conglomerate^ with a strong 
bituminous coal as the base. Large pieces^ apparently all coal^ on being 
broken were found to be merely a coating of coal over a large stone, 
roimded api)arently by the action of water. The coal had, notwithstanding, 
a cubical fracture, and burnt without much flame. It is still more curious 
that this mass' of coal and gravel apj)ears to have been repeatedly frac- 
tured, and the cracks again filled up with coal, giving the appearance of 
numerous veins, each intersecting the other. 

Can this be explained by imagining Uquid bitumen boiling up through 
some ancient river bed, in an intermittent manner, and the fissures pro- 
duced in the cooling by contraction, again and again filled up at different 
epochs. But to what can be due the difi'erence in quahty of the coal 
injected into these fissures, some being like jet and others granulated, and 
containing a portion of quartz ? 

On the east side of this valley are seams of 8 to feet in thickness, 
containing numerous stone bands 2 or 3 inches apart of various thickness> 
and also iron pyrites incapable of separation, causing the coal to run to 
a strong tlinker, almost a glass. Some of this coal the trial vessels had 
got, as the works at these mines had been allowed to go on, although 
condemned by me in 1850; and I this year saw a large quantity in dep6t 
at Erekli, which was offered for the use of the combined fleets, but 
declined. 

At about 18 miles, sea measurement, from Erekh Point, on the top of 
a mountain, before descending to the valley of Koslou or Cosloo, is a 
seam of 8 feet C inches thick, nearly perpendicular, nnd cutting the 
mountain ridge nearly at right angles. The quality apparently very 
good. Tbis seam had been worked open cast. 

Descending from this mountain, the valley of Gosloo is reached, in 
which the mines are at present working for the fleets. 

At the mouth of this valley is a small bay with a sandy beach ; bounded 
on the east by the outcrop of the limestone rising rapidly to the north 
and west, and forming an almost perpendicular cliff of great height. The 
opposite side of the bay is bounded by a sandstone containing quantities 
of pebbles and quartz, exactly cori'esponding to the millstone grit, and 
viiing in the same diiection as the Hmcstone on the op|)osito side. 
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The breaddi of the valley at the mouth is about 400 yards, quite 
level, of olluvial deposit, with a •small river numing down it, and gra- 
dually narrowing for about two miles until it becomes a mere gorge, and 
at B mile or two further turns east on meeting the mountain limestone 
nuDge. 

The coal musts on both sides of this valley, but is most abundant on 
the east side about one mile from the sea, but seams have been worked 
within a few hundred yards of the sea, and Mr. Barkley has now 
opened out one of these at the lowest level, in which, though close to the 
outcrop with many old drifts to the rise, strange to say an explosion of 
fire-damp took place, burning two men severely. This drift was not 
more than thirty-five or forty yards in and working to the dip. Fire- 
damp was previously quite unknown to the native workmen. 

The seams are all of good thickness from 4ft. Oin. to 6 ft., and some 
more, clean coal, rising north and west. Six seams can be distinguished, 
but the frequent troubles render the tracing of any one peculiarly diffi- 
cult. A stone drift or tunnel now in progress will cut the whole of 
these numerous seams at the lowest level, at distances of 100 to 150 
yards, and thus win this moimtain of coal as it may well bo called. 

The general strata is a coarse-grained sandstone, some containing 
pebbles and coal scorrs. Also several beds of blue shale with a few iron- 
stone balls, and more rarely a band, but the shales seem to form a very 
SQUill proportion to the sandstones. 

A tramway is now laid from the mines to the sea on wliich the coal is 
transported in one- ton waggons, drawn by horses, and shipped by spout 
into boats to take off to the ships. As much as two hundred tons has 
been shipped in one day. 

Tubs and trams have been introduced into the mines, and a proper 
system of water levels established. 

The roof is frequently very bad and requii*es much timber, but there 
is an abundant supply in the immediate neighbourhood, the whole country 
being one mass of forest. 

Mr. Barkley, his brother, and four men, arc all the Englisli at the 
mines, but eight more men are about to proceed there immediately. 

Proceeding east over the next moimtain range to the next valley, 
Zungiddak, or Soungoul, aaother small bay, is found, simihu* to that at 
Gosloo, but bounded by the coarse sandstone or millstoue grit on cucii 
side. 

On the west side^ a short distance from the shore, a scam, furmorly 
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worked^ was re-opening out when I was last there (May^ 1854). It is a 
seam of 9 to 10 ft. thick of excellent coal^ and looked very promising. 
But by far the most promising are some 6 seams of 9 to 12 feet thick o^ 
clean coal^ much stronger than the Gosloo coal^ and of unexceptionable 
quality ; the inclination is also less^ being about 20^. The position of 
these seams has hitherto prevented them being worked, being about five 
miles from the sea, so that a railway would be required ; this is however^ 
perfectly easy of formation along the bottom of the valley to an excellent 
place of shipment. 

There can be no doubt that both sides of this valley contain other large 
and numerous seams, hitherto unworked for want of means of transport 
to the sea. 

For 9 miles further east the coal seams (outcrop) continually make 
their appearance, but few have been worked. One I saw of 20 ft. thick, 
but containing stone bands, and many of the other seams gave evidence 
of iron pyrites. 

At Gh&tdl&lsy the limestone again puts in, cutting o£f the coal mea- 
sures say about 28 or 30 miles from Erekli by sea measurement 

Descending from this ridge a plain of great extent of alluvial deposit 
is met with, through which a fine large river, the Filios, runs. This plain 
and marsh extends almost for 25 or 30 miles, and in it is situated the town 
of Barton, 9 or 10 miles east of which are the Amasserah coal mines 
said to have been worked by Belgian or French Engineers. There are 
several seams here, but contain large quantities of iron pyrites in the 
joints of the coal as well as in lumps, so much so as to render this coal 
almost worthless, as well as dangerous from liability to spontaneous com- 
bustion, a case of which occurrad from that cause in one of the depAts 
at Constantinople during my first visit. 
This is as far east as has yet been explored for coal to my knowledge.^ 
The Cosloo mines now produce about 20,000 tons per annum, but with 
a few more skilled European workmen may soon be capable of producing 
40,000 tons, and when the tunnel is complete 100,000 per annum may 
be obtained. 

The former cost was 3 piastres per cantar on the shore, and the same 
for transport, or about 20s. per ton at Constantinople for what was almost 
worthless. Coal of excellent quality could be put on board at 5s. to 6s. per 
ton working charges, notwithstanding the high wages of European workmen. 

* It will be obaerved that Dr. Lyon Playfkir mentions a specimen from Bolou, Costa- 
moni— No. 3275 — which place is considerably further East. 
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ThiB ooal makes excellent coke^ and^ l^eing fitK) from sulphur^ would bo 
adminbly adapted for blast furnaces^ and there is no want of iron ore and 

llflKMlt flinfta 

In concluding my remarks on this coal district^ there appears scarcely 
a doabt that it belongs to the true coal formation immediately overlying 
the millstone grit, but which does not here appear to be of great thickness. 
The examination of the fossil and organic remains would be of great 
value. And these I hope to have forwarded; as well as vai'ious specimens 
of the strata and coal seams^ ere long. 



ON THE HODOSTO COAL DISTRICT. 

RodostO; from which I have named this district^ is situated on the 
north coast of the sea of Marmora, about 90 miles from Constantinople. 

Six or seven miles west of Rodosto^ the country is mountainous; but I 
did not approach near enough to ascertain their nature. 

The whole of the country eastward is constituted of long undulating 
steppeS; very bajrren of treeS; with a red yellow marly soil; containing 
many stoneS; resting on a very friable sandstone; and elevated from 50 to 
200 feet above the sea. This sandstone where exposed exhibits numerous 
small hillocks like mole hills; composed of concenti-ic layers, exactly 
similar to an onion. 

Commencing with some mines said to have been formerly worked for 
the powder millS; but abandoned in 1847 or 1848; which are situated 
about 2^ miles west of Rodosto and 1} from the sea of Marmora, I found 
considerable quantities of coal in abandoned heaps, and also much shale 
in waste heaps. The reason assigned for the abandonment of these mines 
was the water being too heavy for them ; the seam dipping rapidly into 
the hill. There were several old pumps remaining; formed of trees bored 
through; 4 to 6 inches diameter. This coal had a perfect cubical fracture, 
was rather lustrous, but only ignited with great difficulty; and then 
smouldered rather than burnt to a red brown ash; retaining the form of 
the original piece; and falling to dust when touched. As this seam gave 
every indication of being similar to that on the east of RodostO; where I 
was enabled to see it in the face of the abandoned workings; I shall pro- 
ceed to describe it there. 

For upwards of a mile east of Rodosto a coal seam is visible, cropping 
out along the sea clifis at a height of about 30 feet above water line, 
dipping from the sea noilh at about 20°. It will therefore soon run xmder 



08 



the sea level. This seam is about 3 feet inches, between two beds of very 
friable yellow sandstone, streaked with red veins, easily disintegrated, and 
wasting rapidly by the action of the weather : quality of the coal, same as 
that already described. About 14 miles further east, I had again an 
opportunity of seeing this seam or one very similar; the greatest 
difference being less lustrous and without the cubical fi-acture of the 
former seams. I here obtained the following section. 

Section of strata taken about six miles west of Erekli (Roumelia), on 
the north coast of the sea of Marmora, May, 1854 : — 



Pr. Ik. 



Surface soil — red marl and sand, very stony. 
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SEA LEVEL. 
Thick bed of sandstone, cropping out and forming a sort of reef in the sea. 

The coal is here at one place bared by the sea, and rises south-east. 
Six miles further east is the town of Erekli, and 14 miles further is 
Silivria, where I again obtained specimens, and the following section : — 

SURFACE SOIL. 



i?ancL .. .. .* •• .. •. 

Sandstone • • . . . . . . . • 

Alternate bands of sandstones and shale, with ironstone balls 
S^gar clay . . . • • . . . . . 

Sandstone, overlying.coal seam . . 

i./0ai .. •• .• .. •• .. 



Some English gentlemen, Messrs. Laing, are said to have opened out 
these mines some years ago, but they have evidently never been worked, 

I foimd great difficulty in obtaining information on account of the 
natives having been compelled to work the mines in former times without 
pay, and fearing being compelled to do so again, if they were recommenced. 

Having ascertained the worthlessness of the coal in this district for 
steam purposes, in comparison with those already known to me, on which 
point it was my sole object to acquire information, I was obliged to hasten 



Ft. 


Ik. 


6 





14 





6 





3 





12 





3 






69 

imj zetom Wxthont farther inrestigations into the interior; bat t hate it 
firom good antlioritj that coal corresponding with this exists in the neigh« 
bourhoodof Adrianople, and on the opposite side of the Marmora, as weQ 
as on the Island^ the same description of coal b foand. 

I shall condade this paper by appending an extract from the reports 
hj the jaries of the Ghreat Exhibition^ and Dr. Lyon Flayfair's reports 
«n the different specimens sent to that Exhibition, and sabseqaently 
examined by him. 

NoYember 2nd^ 1854» 



DB. LYON PLAYPAIR'8 REPORT ON TURKISH COAL 

SPECIMENS. 

Marlborough Houm, 15th April, 1864. 
I.— AHA880EA COAL. 
Tfait eoftl is Utmniiioiis in character, oot unlike ordinary Newcastld 
''■^ ^'^ coal. In the spedmen, which may hovoTer be deteriorated hj keeping, 
it it too friable, that ia in a ahip't hold it would he apt to rub down amaU; it buraa 
with much amoke, which ia ol^jeotionable for war purpoaes, aa it enaUea the enemy to 
aee the ahipa at great diatanoea; it lig^ti otaUy, whioh ia a uaeful pr o p e rty in getting 
vp alaam quickly, and buma with a good deal of flame. It leaTca on burning 8| per 
eeiit. ef a lightiah red-brown aah — thii amount not being larger than many kinda of 
coal in thia country. 

OXIIEBAL BBMABKS. 

Thia coal may be claaaed (so far aa may be Judged by the burned specimen) as 
an ordinary rariety of Newcastle coal, but considerably inferior to the Welsh steam coals. 

II.— RODOSTA COAL. 

g^ of This ooal is quite of a diflerent character, more nearly resembling 

''■"■'"^ Welsh anthracite. It is diilicult to light, but bums readily enough 

when ignited. In burning it producea little flame, and almost no smoke. It leayea 7| 
per cent, of aah, or more than double the quantity of the prerious coal — it is also too 
friable ; but this may be from the specimen haying been weathered. 

OBNXRAL BKMABK8. 

In some respects this coal is preferable to the other for war purposes, if the fur- 
nacea of the steam vessels are fitted to bum it, whioh ia a doubtful question. If they 
are, notwithstanding its greater quantity of aah, one pound ef this coal will probably 
eraporate as much water as a pound of the former. It is not, howerer, suited for get* 
ting up steam quidkly, whioh is objectionable ; but, on the other hand, it is less likely 
to betray the approach of the fieet to the anemy. 

Vol. III.— Dec, 1854. l 
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"So fi&r as the hard Bpeouneas are to be tnuted, I give you all the deduetimii that 
laay be fidrly made from them, but yea are probably aware that in geaaral theae are in- 
BufSLoient to decide the quality of coals. The best and only reliable test is to put them 
under a boiler and see how they work, with special forms of furnace. 

Both specimens, however, g^ve promise, and are worth looking after, though the 
Newcastle variety is not equal to our best Newcastle coals, nor is the anthracite variety 
•equal to our good Welsh anthracites. 

I send you the Turkish catalogrue, and if you wish the other specimens when 
-they are identified to be examined, I shall be happy to do them for you. 



Marlborough House, 18ih April, 1854. 
I now send you a general ezaminatien of the other coals sent to me, those from 
Amassora and Rodoita having been already examined. 

No. 8268— From DbailIl. 
This ii not a coal but a bitumen, very similar to Trinidad pitch. In iti ordinary 
atate it cannot be used for steamers, but Captain Cochrane (now commanding a ship in 
the Baltic, I believe}, has recently discovered a method by which such bitumens may be 
advantageopsly burned in steamers. If this abounds, it might be worth while to pro- 
oure from Lord Dundonald (father to Captain Cochrane) a description of the plan which 
the latter has so successfully carried out at the Admiralty and in the river steamers. 

No. d27S— BOLOlf, CiBTAHom. 

AaiA Kinor '^^'^ ^ ^ hard, very lustrous, and not too fHable ooaL It bums 

Bisck Btm. ^^1 n bright flame, and only moderate quantity of smoke. It cakes in 

burning— has a dark-red coloured ash, which amounts to 8*34 per cent. This is, on 

the whole, a very good specimen. 

No. 3276— YiRANSHBB, Asia Minob. 

This coal very much resembles the preceding, being hard and lustrous. It burns 
with much flame, and a good deal of smoke, not more however than a common New- 
castle coal. It swells in burning — ^keeps in well when lighted. It gives an ash (very 
like the preceding specimen) dark red, and only amounting to 1*78 per cent. This is a 
promising specimen of coal. 

With reference to my previous letter you will be able to compare these coals, and 
wUl only accept the descriptions as probable indications of the value, but not as dis- 
pensing with the necessity of experiments under the boiler. 

R y^ San. I have caused the most strict search to be made after the speci- 

men of coal from Erekli, and if it is found I shall examine it, and forward the 
result to you. 

Marlborough House, 18th April, 1854. 
We have pioved by the original register that the Ebexu ooal was never given 
in to the Exhibition. We have found, however, six new ones : — 

No. 3307— A coal from MOLDAVIA ; 
„ 3278— Coal, or rather a lignite from Monastib ; 
„ 185— Coal, from MOUNT Lxbavoh ; 
„ 2214— Coal, from Tbifou, Babbaby. 
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I pfMiime that these are too far from the aoene of aetioa to be worth' taktiytixtg^ 
hoi If jmi thiak they had better be examfned I ehaU do so with pleasove. 

I^. Pbyfidr to & C. TrardyaB. 

Department of Scieooe and Art. 
I hare examined the remaining^ Turkish ooals, wtiich we were able to identify 
bj the Tmrkiah labds and numbers upon them, and now send you the results. 

Two of the eoals are marked 3307, and deseribed as eoming from Moldavia. 
Both ef them are inferior ooals, containing a good deal of iron pyrites, and from 7 to per 
esnt. of ash. They bum with a moderate amount of flame and smoke, but on the 
iriidle are very inferior to the specimens of ooals formerly examined. 

Two, if not three, coals were marked with the number 3878, and 
are described in the catalogue as being firom Monastir. Two of these 
eoals wove very much deteriorated by weathering, but probably in their orig^lnal state 
are not bad coals. They do not appear in the specimens examined to be very bitnmi- 
Booa. One of the specimens contains 3*39 per cent., and the other 0*583 of ash. 
They burned without much flame or smoke, but from the badness of the specimens 
little relisnoe can be i^aoed on the examination. 

If Ob 185 is described as a coal frtmi Mount Lebanon. It is black, lustrous, but 
eont a iaed a good deal of iron pyrites. It bums slowly and steadily, and contains 5) 
per eent. of a whitish brown ash. 

From the inferiority of aU those specimens these reeoHs must be considered as 
merely rough indications of the probable value of the coals. 

•B„Mi, I suppose you are aware that Captain Spratt has just been 

Btack Ses. f^ Heradea on special service, and that he gives a niost fiivorahle account 
of the coal which he describes as being equal to the best Newcastle. Specimens are 
expected to arrive in this country in a few days. 



EXTRACT FROM REPORTS BT THE JURIES OF THE EXHIBITION OF THE 
WORKS OF INDUSTRY OF AIX NATIONS, 1851, PP. 36-36. 

TURKET (1885). 
** The mineral exhibition of Turkey is represented by a colleetion of upwards of 
two hundred specimens, sent by the Ottoman Government. It was but Just unpacked 
when the Jury separated, and the specimens were labelled only in the Turkish language, 
with which none of the members of the Jury were acquainted, so that it is impossible 
for them to state the precise value of the collection. It appeared, however, to be of 
some importance by the variety of the metalliferous ores included, the priucipal of 
them being red hcematite in fine kidney-shaped nodules, lead ores, accompanied by 
metallio lead obtained from them, and rather rich copper pyrites.** But that which has 
chiefly interested us, and requires special notice in this place, is the presence of twenty 
or thirty spedmens of very good coal, and the person in charge of the collection having 
had the kindness to translate for us the labels, we are enabled to state the localities 
whence they were obtained. All of those localities are distributed over a range of 
upwards of forty leagues along the shores of the Black Sea, the Sea of Marmora, and 
the Archipelago, whence it appears that the coal formation must have a wide distribu- 
tioii in this part of the Turkish enfirs. The names of the places, begrinning from the 
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east, are as fbllows : — Amastra, and Erekli, on the Black Sea ; Yivan, on the Sea of 
Marmora ; and Scala Nova on the Arohipelagpo, about forty miles from Smyrna. There 
are also in the oolleetion three specimens from Rodosto in the RoumeUa, twenty-eight 
or thirty leagues west of Constantinople ; so that if the indications of these localities 
may be depended on, the coal formation must exist on both sides of the Straits, but ac« 
cording to a geological collection from the shores of Amasserah and £rekll, collected in 
1844, and deposited in the Ecole des Mines in Paris, by M. de Ghancourtoi, Mining 
Sogineer, there is reason to doubt whether the mineral fuel from the shores of the 
Black Sea (Anatolia), belongs to a true coal formation, and it is possible that the deposit 
is as modem as the cretaceous period. However this may be, and although it is possible 
that mistakes may have arisen by confusing the place of production with the port of 
embarkation, it appears at any rate, quite certain that Turkey possesses, at a small dis- 
tance from the capital, and even on the channel of Oonstantinople a considerable coal 
field, which mi^y become an Important source of wealth in the development of its in- 
dustry and for the purpeses of steam navigation. 

(Signed) PxrPBBlvOT, Reporter, 

puis, 1st October, 1851, 



(COPY.) 

Admiralty, 17th July, 1854. 

Sib,—-! am commanded by my Lords Commissioners of the Admi- 
BIsek Sea. </ * 

. ralty to aoquaint you, for the information of the Lords 'of the Treasury, 

that some specimens of coal from the mines near Heradea have been tested in Ports^ 

niouth Tard, and the result appears to be that, though inferior to Welsh and Newcastle 

coal, this eoal is eoniidered equal to many of the Inland and Sooteh coals. 

I have, &e., 

B. OSBOBNB. 



Janua/ry ^thy 1865. 
Since bringing the above paper before the Institute I have received 
the specimens from the Rodosto district^ and annex the specific gravity 
of various specimens. I hope by the next meeting to lay before the 
Institute the analysis of several pieces of the coal firom each of the 
places whence I obtained the specimens, 

Ko. of Speeinieii. Locality. 8p. OrsTitj. 

1 SiLIVRIA 1*285 

2 „ 1324 

3 „ 1*250 

4 Erekli (Marmora) 1*297 

5 „ 1*333 

6 „ 1*282 

7 Rodosto (East) 1*353 

8 „ 1*363 

9 „ 1*376 

10 • Rodosto (West) 1*425 

11 „ 1*378 

12 „ 1-425 

13 „ 1*466 

14 »... „ 1-378 



ProfeMor Hitohoook giTM the uialyns of the Brekli (Black Sea) coal aa follows : — 

Carbon • • 62*40 

Volatile matter 81-80 

Ashes 6*80 

^^^^"•"•^^ 

10000 

Assaj Oi&ce Laboratory, Newcastle-upon-Tyne, 1 1th Jan., 1855. 
Deah Sib, — We haye the pleasure to hand you the results of our examination of 
the four samples of ooals firom Turkey. 

SiUTria, BraUi, 

CoDtUtaenU. 8«s of Marmorm. Bant of Sodotto. Watt of Rodocto. 8m of Marmora. 

Gaseous matters .... 49-60 4800 4800 52*00 

Fixed carbon 43*50 4000 47*00 40-50 

Ashes 7-00 12*00 5*00 7*50 

^i^^^m^mm^ ^^^^^^^a^HM «^hbw^»m^^ nsB^H^i^aBi^ 

10000 10000 100*00 10000 

Sulphur, P.8 -40 *66 *20 1*58 

Specific grravity .... 1*346 1*530 1*442 1.402 

In cokings, none of the samples caked in the least, and the ash is of a reddish 
colour. 

The coals are eridently better adapted for the manuftcture of gw than for any 
other purpose.* The proportion of sulphur is not larg«. 

They will also answer for raising^ steam, but in practice they will not be so 
lasting as the English coal, the proportion of fixed carbon being relatiyely so small. 
They will also burn readily, and, as far as we can judge from the ash, they will not 
form clinkers. 

We are, yours truly, 

RICHARDSON & BROWELL. 
H. G. Longridge, Esq., Northern Mining Institute. 

* I mu( h doubt the lUuminatlTd power of (he gaseoiu matters. — H. O. L. 
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ON THE THEORY 



OV THS 



VENTILATION OF MINES. 



BY J. J. ATKINSON, 



CHAPTER I. 



Jntroduct^ry BemarJu — wumeroition of the Principal . 

which qffeet the Ventilation of Mines. 



Boiiie persons, who are engaged in the daily practice of an art, after 
observing a few fidlores on the part of those who have attempted to in- 
troduce improYements based upon false hypothetical views of the art, 
come, at length, to consider that no benefit can result firom a knowledge 
of the true theory of their art 5 whilst others go so far as to look upon 
any such knowledge as being positively injnrions, and only calcolated to 
mislead those who pay attention to it, alleging that theory and practice 
never agree with each other. 

That the views just named are incorrect, may perhaps appear from 
considering that it is only by a knowledge of the true theory that the 
practice of any art can be so conducted and regulated as to be certainly 
free from empiricism. 

The practice of any art can only be improved, in a direct and systematic 
manner, by the application of its true theory, in the absence of which, 
improvements can only be expected to result from accidental discoveries, 
or, at best, from random experiments, coupled with a generalization which 
cm only be regarded as a partial theory. 
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It is onTy by the application of the correct theory of an art that the 
results of new^ and hitherto untried arrangements and conditions in prac- 
tice, can be foreknown and predicted. 

A correct and perfect theory will always be found to agree with the 
results of practice; audit can only be when hypothesis is confounded 
with theory, or when the theory is imperfect or incomplete, that errors 
can result firom allowing it to regulate our practice. 

While it is fireely admitted that something more than a mere acquain- 
tance with the true theory of an art is generally required to lead to suc- 
cess in practice, it is not, perhaps, claiming too much for theory to say 
that it is the most useful handmaid of practice. 

Considerations of the above character will, it is hoped, be accepted as 
an apology for troubling the members of the Northern Institute of 
Mining Engineers with an epitome of the physical laws of Tentilation; 
accompanied by formulsd for making various calculations in referenee to 
that subject, with examples illustrating their application ; and, finally, 
with some suggestions as to the possibility of making the theory of ven- 
tilation, to some extent, useful for regulating its practice. 

EmncBBATioir of thb Pbinoipal PHTszcix Laws which affect 

TBB YSNTILATION OF MlXE8» 

(1.) The volume assumed by a given weight of air is inversely propor- 
tional to the pressure on each unit of surface, under which it exists, so 
long as the temperature remains unaltered; so that under a double pree- 
sure air only occupies one half the space ; under a treble pressure it oc- 
enpies only one-third of the space — and so on ; as a consequence, the 
density or weight of a given volume of air, varies directly as the pressure 
on each unit of snr&ce under which it existSi when the temperature re- 
mains constant; so that, by doubling the pressure under which air exists, 
we double its density ; and by trebling its pressure, we treble its density — 
and so on; provided its temperature remains constant, while the pressures 
are altered. This is known as the law of Mariotte, 

(2.) When the pressure is constant, the increase of volume imparted to 
air by heat, is uniform and equal for each degree of heat; and the experi- 
ments of Magnus, those of Regnault, and those of Rudberg, show that the 
expansion caused by each degree of Fahrenheit's scale is about l-469th 
part of its volume, at zero of Fahrenheit's thermometer. So that if a quan- 
tity of air, existing under a constant pressure, be conceived to be divided 
into 469 equal parts, when the temperature is zero, or 0^, on Fahrenheit's 
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Aermometer ; theni on heating it to a temperatue of P, it will expand 
80 as to ooonpj 460 of sooh parts; on heating it to 9^ it will expsnA so 
as to oocapj 461 of such parts ; and in general on heating it to tP it will 
expand so as to occupy 459+tP of such parts. This is commonly called 
the law of Gay Lussac. 

(3.) The velocity with which compressed air escapes through an orifice, 
in a plate so thin as to offisr no sensible firictional resistance to its passage, 
has been ibnnd, in ezp«riments by M. Daabnisson and others, to be eqnal 
to the velocity which an unresisted gravitating body would acquire, by 
fiJHng through the height of a vertical column of air, of the same density 
as the flowing air, just capable of producing, by the mere insistent weight 
or gn^vitation of its parts, a p re ssur e on each unit of surftce exposed by 
Hi horiaontal base, exactly equal to the excess of pressure on ea<diunit of 
8arfiu)e under which the compressed air exists^ over that under which the 
medium exists, into which it is allowed to flow or escape. 

(4.) U. Baubuisson found that when air is discharged through an ori- 
fice^ or a tube so short as to offer no sensible resistance to its passage, the 
stream of flowing air sufliBrs a contraction, similar to that which is well 
knofm to obtain in the discharge of water and other Uquids, which has 
the e£B9Ct of reducing the quantity discharged in a given time, below that 
which would be due to the velodtyif it existed over an area equal to that 
of the orifice or tube. 

This contraction of the flowing vein or stream is termed the vena etm- 

traeta, and in the case of air and gases is found to reduce the discharge to 

*66 of that which would be due to the velocity, if it took place over 

the entire area, in the case of an orifice in a thin plate; to 
'98 of that which would be due to the velocity, if it took place over 

the entire area, in the case of a short cylindrical tube; to 
-96 of that due to the velocity, if it took {dace over the entire area of 
the smaller end of a short conical tube, of the form of the flowing 
vein or stream ; so that the real quantities discharged in a given 
time, are to those which would be due to the full areas and ve- 
locities, in the ratios of '66, '98, and *96 to unity,in the respective 
cases noLintioned, according to the character of the passage through 
which the discharge takes place. 
(6.) When air is impelled through a confined passage, the pressure per 
unit of surface, or head of air column, required for its propulsion, has 
been found by Ptelet, Daubuisson, Oirard, and others, to be proportional 
to the square of the velocity; or (what is the same, when the nature and 
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other dimensions 6f tha air-way remain mialtered), to the square of the 
quantity of air passing in a given time, divided by the square of the 
area of the air-way. 

(6.) The pressure or head of air oolumn, required to propel air through 
a confined passage^ is found to be proportional to the length of the pas-^ 
sage^ all other things being equals 

(7.) The pressure^ or head of air column^ required to propel air through 
a confined passage, is found to be proportional to the perimeter of the sec" 
tion of the passage, all other conditions being the same. 

(8.) The pressure, on each unit of surface exposed by the section of a 
confined passage or air-way, or the height of the head of air-colunm, re* 
quired to propel air through such a passage, is found to be inversely pro' 
portional to the area of the section of the passage or air-way, when all 
other things are equal — so that the greater the sur&ce exposed to the 
pressure, the less is the amount of pressure required on each unit of surfiioe. 

If the velocity be supposed to remain constant^ then since (6) and (7) 
represent the area of the rubbing surfSstce, exposed to the air in its passage^ 
by the internal walls of the air-way, it appears that the resistance en*^ 
countered by the air is proportional to the area of such robbing 8urfiBi(ee> 
its nature being supposed to be uniform ; agreeing in this respect with 
the firiction found to prevail in the case of solid bodies, moving with pres« 
sure upon other solid bodies ; for, by (8), we perceive that the total amount 
of pressure required to overcome the resistance rexliains constant, when all 
other things are so, whatever may be the area of the section over which 
it is to be distributed ; the pressure on each unit of surfitce exposed by 
the section varying inversely as the number of units of surfitce over which 
it is to be distributed — ^that is, as its area; so that the entire mass of 
moving air contained in a passage, may be viewed as if it were one body, 
exposing to resistance a certain fixed amount of superfices, and so requiring 
a fixed gross amount of pressure to be distributed over its section to over- 
come such resistance, when the velocity is constant 3 and the greater the 
area of such section, the less is the amount of pressure requisite to be 
applied to each individual unit of such area, in order to make up the gross 
amount of pressure required, and vice verm; after the same manner as 
the piston of a steam engine, which will require less pressure on each unit 
of sur&ce to produce a given force, as the area of the piston is greater; 
and vice versa, 

A law, of a similar character to this, is found to obtain, in the case of 
the passage of water through pipes. 
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(9.) The pressure required to overcome the frictional resistance, encoun- 
tered by air in passing through a confined or enclosed air-way or passage 
is found to vary with the nature of the material composing the inner sur- 
fitce of the air-way, to which the moving air is exposed in its route, as 
well as with the mechanical state of such surface. 

This law is not found to prevail in the case of water passing through 
pipes, or confined passages ; the resistance being the same, whatever may 
be the nature or state of the inner surface to which it is exposed ; from 
which it has been inferred, that the moving column of water does not rub 
against the internal walls of the pipe or passage, but probably against an 
outer, stationary film of water, adhering to the inner surface of the pipe ; 
80 that the surface against which the moving water rubs, would, in that 
case, always be of the same character — water ; and tliis would account 
for the resistance being always the same, whatever may be the nature or 
state of the inner surface of pipes, through which water is transmitted ; 
so long as the dimensions and form of the pipe, and the velocity of the 
water remain constant. 

(10.) The absolute amount of pressure, required to overcome the fric- 
tional resistance of tubes or air-ways, to the passage of air or gaseous 
bodies, was found by Mens. Girard, in his experiments with the gas- 
lighting apparatus of St. Louis' Hospital, to be the same for the passage 
of the gas used for lighting as for the passage of air ; rendering it highly 
Probable that it is the same for the passage of all kinds of gases whatever 
through the same pipe or passage. 

(11.) I am not inclined to think that either the numerous experiments 
of P^let, or any others with which I am acquainted, are calculated to 
determine whether the frictional resistance of air, flowing against the 
internal sides of an air-way, varies in any manner with a variation in the 
absolute barometrical pressure under whicli the flowing air exists, or the 
contrary; yet fi*om analogy, derived from tlie law which is found to 
exist in the case of solids moving, under difiercnt pressures, against other 
solids, I have scarcely a doubt, but that the resistance in question is 
directly proportional to the barometrical pressure under wliich the flowing 
air exists. If this conjecture is a correct one, then a fall in the barometer, 
although accompanied by an increase in the discharge of gases in mines, 
and by the circulation of air of lessened density, will be accompanied by 
a reduction in the frictional resistance, due to the circulation of a given 
Tolume of air; so that the same ventilating pressure will put a greater 
volume, although perhaps a slightly reduced weight of air, into circula- 
Vol. III.— Dec, 1854. m 
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tion^ after a fall in the barometer; and hence it seems rather probable^ 
that any observed connection between a fall of the barometer and explo- 
sions of gas in mineS; is more likely to have its origin in the increased 
discbarge of gases, than in any observable reduction in the quantity of 
air circulating; because a fall of the barometer, will remove as much 
pressure, per unit of surface, from the top of the upcast pit, as from that 
of the downcast pit. 

(IS). Although the co-efficient of resistance to the passage of air 
through a confined air- way or pipe, as will hereafter be shown, has beeB 
found to vary to a very great extent, in cases where heated air has been 
used, from its value in other cas6s, where cool air has been transmitted 
throngh other pipes composed of the same kind of material, yet in these 
experimental trials, the condition or state of the internal surfaces of the 
pipes, were widely different, in the cases where heated air was trans- 
mitted, from the condition or state of the inner surfaces of the pipe, 
through which cool air was transmitted, so that it appears to remain 
doubtful whether the mere change of temperature does or does not affect 
the co-e§3cient of resistance ; as the marked differences alluded to, might 
evidently arise, either entirely or in part, from the difierences in the tem- 
peratiu^ of the air ; while, on the other hand, they might arise, eith^ 
entirely or in part, from the differences in the states or oonditions of the 
inner surfaces of the pipes exposed to the moving air. 

It appears to bo desirable to institute a series of experiments, to deter- 
mine whether a change of temperature does affect the resistance or not, 
as this question has an important bearing upon the best size of u{)cast 
shafts, for the purpose of ventilation. 

(13.) The experiments, which Mons. Daubuisson made, to deteiTaine 
the pressure required to overcome the resistance to the ti'nnsmission of 
air, through an enclosed passage or pipe, arising from mere changes of 
direction, at angles or elbows in the pipe or air-way, led him to conclude, 
that the pressure required for that purpose is always proportional to the 
square of the velocity, all other things remaining constant ; or, what is 
the same, to the square of the quantity of air transmitted through any 
given passage in the same time. He also found the pressure required to 
be neai-ly proportional to the squai'es of the sines of the angles, formed by 
the changes of direction of the axis of a pipe. He states, however, that 
he did not find the pressure required to be simply proportional to the 
number of angles of similar amoimt and character ; but that, although 
the resistance increased, by increasing the number of angles up to a cer- 
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tain number'; jet^ after reaching a certain number of angles^ lie states 
that he no longer found the addition of more angles to require an increase 
of pressure to overcome their resistance ; but, on the contrary, he found 
that the pressure required was actually reduced, by any further increase 
in the number of angles ; so* that 15 angles absorbed less pressure than 7 
angles of the same size and character — a result so singular and unex- 
pected, that it, and other circumstances, rendered abortive all his attempts 
to ascertain the precise law regulating the amount of pressure required 
to overcome the resistance offered to the passage of air through pipes, 
arising from angles or elbows, so fai* as regards the combined effects of 
their number, size, and character. 

On the other hand. Mens. P6clet, after giving the above as the result 
of Mon. Daubuisson's experiments, states that bends or elbows in the 
pipes used by himself were found to have no sensible influence cfh the 
pressure, required to transmit a given quantity of air, in a given time, 
through them ; although he altered them for the express purpose of trying 
whether they did so or not ; and he further states, that he has found one 
and the same foimula answer for the passage of air through chinmeys, 
flues, and pipes, whether they were straight or crooked, none of the ele- 
ments of the formula having reference to the angles or elbows. 

(14.) The pressure per unit of surface, or the height of head of air- 
colunm, requu'ed to overcome the additional resistance arising from the 
existence in an air- way, of a diaphragm, with an opening in it for the 
passage of the air (not including the pressure required to create the local 
increase of velocity, at the passing of the opening in the diaphragm, 
which opening is of less areathan the adjoining air-way) was found by Mons. 
P&let to be very nearly correctly expressed by the empirical formula :— 

h=±J-X^=XLj ." m 

At 231,000 5 ^ J 

where h is the height in lineal feet of a vertical colunm of air (of the 
same density as the flowing air), which, by its mere weight or gravita- 
tion, is capable of producing on each unit of area, exposed to its hori- 
zontal base, a pressure equal to that i-eqiiired to overcome the resistance 
arising from the existence of the diaphragm in the air- way -, in which 
formiila, a= the area of the opening in the diaphragm, and A=: the area 
of the air-way itself, on each side of the dia})bragm, both expressed in 
superficial feet; Vi=the velocity of the air in the air- way, and Vjssthat 
in the opening in the diaphragm, both expressed in lineal feet per minute. 
He found the actual loss somewhat greater than is given by the formula. 



80 

The loss of pressure arising from a diaphragm, as just alluded to, 
would appear to he owing onit/ to the increased frictional resistance oc- 
curring at and near the opening in the diaphragm, in consequence of the 
extra velocity of the air, and not, in any degree, to an ex|>enditure of 
pressure, required for the generation of the extra velocity at the dia- 
phragm (considered as distinct from the effects of such extra velocity, in 
increasing the frictional resistance), as Mons. P6clet supposes ; seemg that 
the pressure due to the extra velocity (excepting only when the diaphragm 
is situated so close to the exit-end of the air- way, that the air actually 
leaves the air-way with a higher velocity than that due to the entire area 
of the air-way itself), would only he absorbed temporarily at and near the 
diaphragm, where the increased velocity prevailed ; and after the air had 
got beyond the influence of the diaphragm, the moving column would 
agaiu'have expanded the area of its section, so as to fill the entire air-way; 
necessarily accompanied by a diminution of velocity; during the occur- 
rence of which, the momentum given out by the air would have assisted 
to overcome the resistances encountered in the air-way ; so that this pres- 
sure, required for the mere increase of velocity, considered by itself, is 
really not finally applied in increasing velocity, but on overcoming 
resistances, in the form of the momentum of the air carrying it 
over them. 

The actual loss of pressure arising from the diaphragm, being really 
that due to the increased frictional resistance in the vena contracta, as 
compared with what it would have been if it had not existed, any con- 
nexion between this pressure, and that due to the generation of the in- 
creased velocity at the diaphragm, being that arising out of the fact of 
the resistance itself, being increased partly in consequence of the increased 
velocity, and no more. A similar mode of reasoning leads to the conclu' 
sion, that the only pressure really absorbed by, and finally expended upon, 
the mere genei*ation of velocity, in transmitting air through a confined 
passage, in any case, is simply that due to the velocity with which the 
air is finally expelled from the air-way, or part of an air- way, which may 
be under consideration ; as any higher velocity, which may prevail in any 
preceding part of the air-way, although (at the place where it really 
exists), it may be considered as temporarily absorbing the pressure due to 
its generation, yet since the excess of velocity is reduced, and the mo- 
mentum of the air given out in a subsequent part of the air-way, and 
gince such momentum so given out, as the velocity becomes reduced, 
really carries the air over the resistances, to the full amount of the pres' 
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sure, due to the excess of velocity^ it follows that it is only the pressure 
due to the final velocity, which is really carried off hy the air, without 
being* applied to the resistances offered by the passage. 

Again, if we are considering the pressure required to overcome the re- 
sistances of only a portion of a confined passage or air-way, it is evident 
that if the air arrives at the commencement or entrance-end of such por- 
tion of an air-way, with any velocity greater than that with which it leaves 
the exit-end of such portion of air-way, the excess of pressure, due to the 
generation of the excess of velocity alluded to, will really be given out in 
the form of momentum of the air, carrying it over some of the resistances 
encountered in the portion of the air- way imder consideration ; and con- 
sequently, so much less additional pressure will be required than would 
have been, had the air only possessed the same velocity on reaching the 
air-way, which it does on leaving it. 

If, however, on the contrary, the air reaches the portion of air-way 
under consideration, with less velocity than that with which it passes the 
exit^end of the air-way under consideration, then, besides the mere pres- 
sure required to overcome the resistances in the portion of air-way under 
consideration, there will be a further expenditure of pressure in creating 
the increase of velocity, which will be carried off in the form of momen- 
tum, by the air leaving the exit-end of the portion of air-way under no- 
tice or investigation; and the expenditure of pressure on such portion of 
air-way will therefore consist of the sum of the pressures required for the 
overcoming of the resistances, and for generating the excess of velocity 
with which it leaves, over that with which it i*eaches, the part of the 
air-way in question. But if the air enters and leaves the air-way, or 
portion of air-way, as the case may be, with one and the same velocity, 
then the expenditure of pressure will consist simply of that required to 
overcome the resistances, and be unaffected by any pressure connected 
with the mere generation of velocity, considered apart firom any increase 
or reduction of resistances, arising out of changes of velocity, which may 
occur in any intermediate parts of the portion of air- way imder notice, of 
whatever kind or degree any such changes may be. 
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CHAPTER II. 



On the discharge of air and fluids^ under pressursy through orifices or 
short tubes: and the pressure due to the generation ofmotiony con- 
sidered apart fro^n that due to friction. 

(15.) It is quite in keeping with the known laws of motion, that, as 
has been stated, {3), the velocity of a fluid or gas, when not affected bj 
friction, should be the sume as would be acquired by a heavy body, after 
falling, under the influence of gravity, through the particular height re- 
quired in a vertical column of the gas or fluid, io ord er that the pressure 
on its base, arising &pm the weight of the column, should be exactly 
equal to the pressure generating the motion of the fluid or gas — or, other- 
wise, to the excess of pressure under which the fluid or gas exists before 
escaping, over that of the medium into which it flows ; reckoned in each 
case on equal areas. 

In reference to the escape of water, it is stated in '^ Adcock's Engineers' 
Pocket Book" : — "Supposing a very small cylindrical plate of water, im- 
mediately over the orifice, to be put in motion at each instant, by means 
of the pressure of the whole cylinder standing on it, and supposing all 
the gravitation of the column to be employed in generating the velocity 
of the small cylindrical plate, neglecting its own motion; this plate 
would be urged by a force as much greater than its own weight, as the 
column is higher than itself, and this through a space shorter, in the 
same proportion, than the height of the column. But where the forces 
are inversely as the spaces described, the final velocities are equal. 
Therefore the velocity of the water flowing out must be equal to that of 
a heavy body fidling from the height of the head of water." 

(16.) Now by the well known laws of falling bodies, if h' represent the 
space or distance fallen in lineal feet ; v the velocity in feet per second, 
acquired at the end of the fall ; and g the distance in feet which an un- 
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resisted gravitating body fiJls in the first second of time, which is found 
by experiment to be 16i feet near the sm^fece of the earth ; then 

v= >/4 g h' [2J 

and since g is equal to 16^ it follows that 

V = 8-0208 V"^ [3] 

Prom what has been stated, it is evident that h', in the preceding for- 
mula, will represent the height in feet, of the head of air column, of the 
same density as the flowing air itself; which, by the weight or gravitation 
of its parts, will generate the velocity represented by v. 

That is to say, h' represents the necessary height in feet of a vertical 
head of air column which is just capable of producing by its weight, that 
particular pressure on each foot of area of surface, exposed by its horizontal 
base, which must be exerted to produce the velocity v. 

If we know the pressure per superficial foot of surface imder which 
confined air exists, and represent it by p ; and also the pressuj^ per 
superficial foot of surface, under which the medium exists, into which it 
is allowed to discharge itself, representing it by p' ; then, when the dis- 
charge is efiected through an orifice in a plate so thin as to present no 
observable firictional resistance to its passage, ^ through a very short 
tube under the same conditions, the difference p — ^p' will be the pressure 
per superficial foot of surface, generating the velocity ; and if by w we 

represent the weight of a cubic foot of the air, it is evident that ^ ^ 

will represent the height in feet of air column, which would be due to the 
pressure generating the velocity ; and hence 

b'=^ w 

by means of which equation, the head of air column, due to any difference 
of pressure, may readily be found. 
By transposing [3J we obtain 



v« 



^'=6ij •••••C^l 



and substituting in [5], the value of h' in [4], gives 



v^ 



£=E = 

w 64J 

and hence, 



w v'^ 



p-p' = ^^ ^'^ 
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w=64J-ML 17( 



and^ 



P— P 



I8| 



y = 80208 

N W 

where v is the velocity in feet per second. 

If, however, v' be allowed to represent the velocity in feet per minute, 

we shall have 

Vs: 481-2 vTT f9| 

and, 

^' = ^36or [i«J 

and by substituting^ in the latter equation, the value of h' in [4J, we 
obtain 

^^^-mm [iiJ 

and hence, 

w=r 231,600 P~P' [12] 

and, 



= 481-2 J 



^- [13] 



w 



But since the velocity v', actually prevails only over the area of the 
contracted vein, and not over the entire area of the orifice or tube, the 
quantity of air discharged in a given time will be found by considering 
the velocity (found as above) as prevailing only over the area of the con- 
tracted vein : so that if by c we represent the ratio of the area of the 
contracted vein, to that of the orifice or tube [4] ; and by A the area of 
the orifice or tube in superficial feet ; then will c A. be the area of the 
contracted vein, where c will take the value of .65, .93, or .95 depending 
upon the character of the orifice or tube employed. 

And if Q represent the number of cubic feet discharged per minute, 
then will 



^=1= 



_ Q 



cA 

which value of v', being substituted in [9], [10], [11], [12], and [13] 
gives rise to the following series of general equations : — 

Q = 481-2 c A v^ h' [14J 
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^^'=( 481-2 ca )' [15] 

^= mSTT- ^''^ 

I- w Q' 
P^P ~ 231,600 c' A Li'-l 

and. 



Q = 481-2 c A 



l"^ m 



by which the relationship existing between the quantity of air discharged 
in a given time, the area of the orifice or tube through which it is dis- 
charged, and the pressure employed, is exhibited. 

These formulae, however, do not apply when air, instead of being 
discharged without sensible resistance through orifices or short tubes, has 
to be propelled, in opposition to the resistances offered to its passage, 
through long tubes or air-ways; inasmuch as such resistances absorb a 
part of the pressure employed, and leave only the remainder for the 
generation of the velocity, considered apart firom such resistances; and 
in mines these resistances often operate to so great an extent as to require 
a pressure 10, or even 20 times greater, to overcome them, than that 
which is actually employed in the mere generation of velocity in the 
flowing air. 

Still, since in all cases the pressure required for the generation of 
velocity forms a portion of the entire pressure employed, and so requires 
its share of consideration in calculations as to the ventilation of mines, it 
has been deemed only proper to give the preceding formulae, bearing upon 
this part of the subject under consideration. 
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CHaIpTER III. 



On the amounts of ventilation produced by different ventilating pres^ 
sures in the same mine, and the mode of comparing the particular 
remtances or *' drags ** of different min^s, 

(17.) The laws recited, as prevailing in the transmission of air or gases 
through an enclosed passage or air-way, lead to the conclusion that the 
pressure required to overcome each separate source of resistance, (exclud- 
ing any pressure due to the gravitation of the air in any ascending parts 
of the air- way, which, with the effects of the air's gravitation in descend* 
ing parts of the air-way, will here be considered as diminishing or 
adding to the ventilating pressure employed), is proportional to the 
square of the velocity of the air over any given section of the Jiir-way, 
and, therefore, to the square of the quantity of air transmitted in a given 
time through the same air-way, including the pressure due to the mere ge- 
neration of motion or velocity itself; and since the sum of the separate pres- 
sures gives the entire pressure employed, it follows that, in the same mine, 
the quantity of air put into circulation in a given time, will be proportional 
to the square root of the entire amount of pressure employed, including under 
the term of " pressui*e emjjloyed,*' the gravitation of the air in the descend- 
ing parts of the air-way, diminished by the gravitation of the air, (rec- 
koned on the unit of surface of area only), in the ascending pai-ts of the 
air-way. 

(^18.) The pressure finally expended on the generation of velocity in 
the air, will only embrace that which is due to the final velocity with 
which the air leaves the air-way at its exit end ; inasmuch as if even 
higher velocities do prevail in preceding parts of such air-way, the pres- 
sure temporarily absorbed in creating such excess of velocity, will even- 
tually be given out as momentum of the air, cari'ying it over resistances 
encountered in succeeding part3 of the air-way, as must appear from the 
consideration that the flowing air necessarily parts with a portion of the 
momentum it possesses, as the velocity of its motion becomes reduced ; 
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wliicli momentum of itself would carry it over a portion of resistances, if 
no ftirther power or pressure were applied. 

What has just been stated indicates that the quantity of air put into 
circulation in any passage or air-way, will be strictly proportional to the 
square root of the entire pressure employed, (so long as the air-way 
remains unaltered), provided that we include, as a part of such pressure, 
the effects of any excess of pressure due to the gravitation of the air in 
all the descending parts of the air-way over that which is due to the air 
in the ascending parts of the air-way ; always reckoning the descents 
and ascents as they occur in the direction followed by the air where they 
prevail, and reducing them to the unit of surface employed. Or, on the 
other hand, the entire pressure employed must be reduced by the amount 
of any excess which may be due to the gravitation of the air in the as- 
cending parts of the air- way over that due to the gravitation of the air 
in the descending parts of the air-way, where such an excess happens to 
prevail. 

(19.) Where steam jets or furnace action are employed, the resistance 
in the upcast shaft will probably increase in a somewhat higher degree 
than the square of the quantity of cool air in the workings of a mine, 
as the air in such shaft will be more expanded as the temperature and tho 
ventilation are increased, and hence also the velocity of the air itself. 

It is doubtful whether the coefficient of resistance due to friction may 
not be increased or diminished by changes of temperature in the upcast 
shaft, although Peclet did not detect any such change in it with a cliange 
of temperature. 

And it may be fiirther remarked that a mixture of aqueous vapour or 
steam with air in an upcast shaft may possibly modify the coefficient of 
resistance ; although, as has been stated, it was found to remain constant 
for the transmission of either air or the gas used for lighting St Louis 
Hospital, in Mons. Girard's experiments. 

In the absence of a positive knowledge as to whether the coefficient of 
resistance is altered by variations of temperature or by the presence of 
steam in the air or thecontrary, it will be presumed, in the following in- 
vestigations, that the coefficient in question is not affected by such change 
of temperature, nor yet by the admixture of aqueous vapour. 

Although the very strict investigation of the laws of ventilation would 
require the application of an infinitesimal analysis, yet. for all the cases 
which generally occur in practice in the ventilation of mines, the use of 
algebra will probably lead to results not sensibly differing from the 
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truth; and since rigorously accurate observations on rentilation can 
scarcely be made by any known means^ the latter mode is considered 
sufficient for the object in view, and will accordingly be here adopted. 
Mathematical nicetieS; when introduced at all, will be intended rather to 
create confidence in the results than as examples to be followed when 
applying the deductions to practice. 

Since it would greatly complicate the subject to treat the resistances as 
if they varied with a variation in the barometrical pressure of the air, 
without, for our purpose, greatly affecting the condnsions; the resist- 
ances will be treated as if they were not affected by variations in the 
barometrical pressure of the air; at the same time it is probable that the 
contrary is the fact. 

Although the formulae resulting from the mode of investigation to 
which reference has been made, are not; for the reasons stated, to be re- 
garded as being rigidly applicable to the circulation of currents of air, 
under extreme and unusual conditions as to temperature and pressure ; 
yet they may, perhaps, be regarded as possessing all the accuracy which 
can be considered desirable, as applied to currents of air under the usual 
conditions prevailing in mines, flues, and chimneys. 

(20.) Since the pressures required to create ventilation, eateris paribus, 
are proportional to the squares of the volumes of air circulated in a given 
time through the same passages or air-ways, it follows, that if, by calcu- 
lation, the quantity of air which would have circulated under the same 
pressure over the area of the air-way, if there had been no resistances 
beyond the inertia of the air, be found to be five times as much in the 
unit of time as is actually observed to be put into circulation, then only 
one twenty-fifth paii; of the pressure employed is expended on generating 
the velocity ; the whole of the remaining twenty-four parts out of twenty- 
five parts, into which the pressure may be conceived to be divided, being 
expended on the resistances in the air-way, because the squares of 1 and 
5, are in the ratio of 1 and 25. 

In like manner, if the quantity of air circulated in a given time be 
found to be only one-fourth of the quantity due to the area and pressure; 
had there been no resistances in the air-way, it follows that only one- 
sixteenth part of the pressure is absorbed in expelling the air from the 
top of the upcast shaft, or extremity of the air-way while the remaining 
15-16th parts of the pressure is employed in surmounting the resistances 
encountered by the air in the mine or air-way. The conclusions stated 
are true of any single air-tube or passage, whether acting alone or as one 



89 

of a connected or ramifying series^ as in a mine in which the air is di- 
vided by splitting into a number of separate currents ; always taking 
into consideration the entire resistances which any given portion of air 
encounters^ from the moment it enters the downcast shaft through the 
whole of the route taken by it in the passages of the mine^ whether 
before being split, during its being so, or after its re-union with the other 
currents, to the moment of its being ejected from the top of the upcast 
shaft ; because it is certain that the air will natm*ally divide itself in such 
particular proportions over the various passages which are connected 
together, as to require^ in each instance, the same amount of pressure ; 
and this is as true of the air which forms part of any minor, or sub-split, 
as of that which never leaves the main splits of air, the air in every in- 
stance natrntdly following the route offering least resistance to its pas* 
sage, and thus filling each passage with air of that particular velocity 
which will raise its resistance to the same amount as that of each of the 
other routes in the same mine or system of ventilation. When, however, 
from the vaiiations in the tem^terature of the air circulating, and differ- 
ences in the ascents and descents of the air-ways, there happens to be a 
greater or less power, added to or taken from the general ventilating 
power, in some routes than in others, this law will manifestly be found to 
obtain only when the necessary addition or reduction of power required 
for each route is made to take a part in the calculation; the quantity of 
air circulating in each route being directly poportional, all other things 
being alike, to the square root of the actual pressure expended on causing 
it to circulate ; including, in estimating such pressure, the effects of the 
natural pressure in each pasticular route, arising from the temperature 
and density of the air in the ascending parts, differing from those of the 
air in the descending parts ; and since such natural pressure may differ, 
not only in amount but even in the direction in which it operates in one 
route of any mine, from that operating in any other route, it follows 
that the actual pressure operating in the different routes or splits pf air 
in the same mine, ^id at the same time, may differ from each other. 

The quantity of air circulating in each route, however, will ftirther be 
inversely proportional to the specific resistance of such route, depending 
upon its length, the area and perimeter of its section, the nature of the 
material of which its internal surface is composed, &c., so that the quan- 
tities of air in the different routes of the same mine may, by varying 
these conditions, come to bear any proportion whatever to each other. 

(21.) -From the quantiti^ of air being proportional to the square roots 
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of the pressures employed, other things being constant, we could readily 
calculate the quantity of air due to any pressure, when we had observed 
that arising from any other pressure in the same mine or air-way 3 but it 
would be a tedious operation to ascertain the actual amount of pressiu*e 
employed, when the air-ways had many ascending and descending parts 
traversed by air of different temperatiu-es or densities ; and these natural 
pressures could not be neglected when they happened to bear any con- 
siderable proportion to the artificial pressure employed ; and they would 
involve the necessity of making a distinct calculation for each of the 
splits, and even for each of the minor or sub-splits of air, when the 
amounts of natural ventilation in such splits differed ^m each other. 

Here, however, we will investigate the case of a mine, in which either 
the whole of the workings are situated in the same horizontal plane, or, 
on the other hand, in which the amoimts of pressiu^ arising jfrom the 
natural causes alluded to, happen to be of the same amount, and all 
operating in the same direction, relative to that of the currents of air 
traversing them in each of the splits and minor or sub-splits of air ; in 
which case the ventilating pressure may be regarded as being the same 
in each of the splits of air ; and the formulae and results arising may be 
considered as approximating neai*er to the truth, in proportion as these 
conditions are less departed jfrom, in mines where they do not fully 
obtain; and as the amount of artificial ventilating pressure employed 
bears a greater proportion to any such natural pressure arising in the air- 
ways from the causes stated. 

(22.) In the case of furnace ventilation, if we presume the upcast shaft 
to have its top and bottom, respectively, situated in the same horizontal 
planes as the top and bottom of the downcast shaft ; and suppose, in the 
first place, that both shafts are filled with air of the same temperature, 
then, on heating the air in the upcast shaft, the expansion of the air 
would drive a portion of it out at the top of the shaft, and the weight of 
this expelled air woidd operate as if divided equally over the area in 
producing ventilation, because the weight of the air in the downcast shaft 
would remain the same as before, and being no longer opposed or coun- 
terbalanced by an equal pressing of air on each unit of surface in the 
upcast shaft, the entire column of air in the downcast shaft, air-ways, and 
upcast shaft woidd be put into motion. 

Experiments (2) on the expansion of air by heat lead to the conclusion 
tliat if any given volume of air, under a constant pressure and at zero of 
Fahronhoit's scale of teniix»rature, ]>e conceived to be divided into 450 
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equal parts, sucli air will increase in volume to the extent of one of such 
parts by the addition of each de^ee of temperature ; so that the volume 
assumed by it will always be proportional to 459 + 1°, for all the values 
of t®, which represents the temperature of the air. 

Hence if the air in the upcast shaft be considered to have the same 
temperature as that in the downcast shaft, represented by t, and then to 
be heated to any other temperature T, it follows that the length of the 
column of air of the same area of the upcast shaft, would, by the change 
of temperature from t to T, be altered in the ratio of 459 +t to 459 +T, 
inasmuch as any given volume of air would be increased in that propor- 
tion. If by d we represent the depth of the upcast shaft in feet, and by 
H' the length of the column of heated air at T, expelled fi*om the top of the 
shaft by heating from t to T, also expressed in feet, we obtain the proportion — 

As 459+t : 459+T : : d : d+H' 
And hence the height of the colimm of heated aii*, of the area of the 
upcast shaft;, which is capable by its weight of producing the ventilating 
pressure arising from the heat imparted is 

H' = d(^iSr) [20] 

but since, in the case of mines ventilated by furnaces, the weight of the 
column of expelled air would be less in the case of a high upcast tem- 
perature, than it would be for the same length of expelled column, in a 
shaft of greater depth with a lower temperature ; and since the present 
object is to obtain general formulae, for comparing one amount of ventila- 
tion and its accompanying conditions with a different ventilation and 
accompanying conditions, without, to too great an extent, complicating 
the formulae, by an affectation of an over nice precision, we shall omit 
making any allowance for the difference of resistance arising from the 
difference of expansion in the air, in the upcast shaft, when two different 
temperatures are compared ; in general, the air in its entire route will have 
a temperature more nearly corresponding to that which exists in the down- 
cast, than in the upcast shaft ; and hence we shall reduce the height of the 
coluum of air, due to the ventilating pressure, to the standai'd density due 
to the temperature in the downcast shaft t ; calling the height of the air 
column of such density H, we have the proportion 

a3 459H-T : 459+t :: H' : H 
and hence 

H=H.(^|±f) M 
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and by substituting in this last equation the value of 11' in [SO], and 
reducing, we obtain 



H 



T— t 



= <i(-i59+T) [22] 



(2S.) In general the length of air column^ or the pressure per unit of 

surface, due to the final velocity with which the air is expelled from the 

top of the upcast shafts may be regarded as sensibly the same as that 

which would be required to generate the final velocity, which would have 

existed, if the air on its expulsion from the top of the upcast shaft had a 

temperature T of the same amount as the average temperature in the 

upcast shaft; seeing that any slight reduction in volume and velocity, 

arising from the cooling and contraction of the air, aftier passing the point 

in the upcast shaft where the average temperature actually prevails, will 

have its tendency to reduce the pressure required for its expulsion from 

the top of the shaft, counteracted, to some extent, by the greater density 

of the expelled air; and hence, for the sake of simplicity, it is intended 

to treat the pressure due to the expulsion of the air, as being the same as 

it would have been, had the air retained the average upcast temperature 

up to the moment of its expulsion from the top of the shaft. 

Now by riO] T7n 

h' = 



281,600 

h' being the height in feet of air column, of the same density as the 
flowing air, due to the mere generation of its velocity ; which is represented 
by V in feet per minute ; and if by Q' we denote the cubic feet of air 
(of the volimie due to the average temperature of the upcast shaft) per 
minute ; by Q, the same air expressed in volume of cubic feet, due to the 
temperature of the downcast shaft t; and by A the area, in feet, of the 
top of the upcast shaft, we obtain 

V'=-|- [23] 

and by substituting this value of V, in [10], we obtain 

^'^ 231,600 A* 

An3 since the volume of air at the temperature T of the upcast shaft is to 
the volume assumed by the same air at the temperatiire t, of the down- 
cast shaft, in the ratio of 459+ T to 459+ t, we have 

459 + T\ 



*-q(St) m 
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and theroforo 

Q'(459+Ty . , 

**■" 231,600 A» (459H-t)« ^^ 

but if we represent by h the height in feet of air column (of the density 
due to the temperature t of the downcast shaft), required for the mere 
expulsion of the air; since h must be less than h' in the ratio of 459 +T 
to 459+t, we obtain 

h= ^i459+T) .gg, 

231,600 A« (459+ 1) ^ ^ 

now since [22] the entire ventilating column of air at t, the temperature 

( T— t \ 
469 , m J ; wid since 

by [26] 

as above h = qqi flnn A«T4fi9-j-t^ represents the portion of such column 

employed in generating the velocity of expulsion of the air from the top of 
the upcast shaft, it follows that the remainder of the column, or 

H_b - d ( ^-^ \ Q' (459+T) .^. 

^ "^ -"^ \4^9^TJ 231,600 A» (459H-t) ^""^^ 

represents the height of such column required to overcome the various 
resistances encountered by the air in the shafts and air ways of the mine. 

(24.) This last formula [27], furnishes the means of calculating the 
amount of what has recently been termed the ''drag'' of a mine. It 
should however be borne in mind that this drag or resistance will, sup- 
posing the temperature of the air and the conditions of the air ways to 
remain unaltered, vary in the ratio of the square of the velocity of the 
air over any given section ; or what is the same, as the square of the 
quantity of air circulating per minute ; so that if we would compare the 
drag or resistance of one mine with that of another, or of the same mine 
under varied conditions, we must calculate or reduce each to some par- 
ticular quantity of air in circulation per minute, assumed as a standard. 

(25.) By means of formulae [22] and [26] we may ascertain the pro- 
portions of ventilating pressure absorbed in any mine in the generation 
of the final velocity of the air with that required to overcome the drag 
of the mine, and so determine the loss of air arising from the resistances. 
As examples, let us take tbe cases of Hetton and Tyne Main Collieries, 
as given by Mr. Wood, the president, in his communication to this In- 
Vol. III.— Dec, 1854. o 
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stitute in December, 1862, and February, 1853, furnace ventilation being 
in existence in each case, as below : — 

Hflttoo. Tf ne Vain. 

Area of upcast shaft, in superficial feet .... 153. .. . 50*257 

Depth of do., in lineal feet 900. . . . 672 

Average temperature of upcast shaft 211° .... 262° 

Average do. of downcast shaft 43°*5.. . 44° 

Cubic feet of air per minute 225,176 102,503 

In the case of Hetton Colliery the entire head of cool air column, of 

the density due to the temperature of the downcast shaft employed in 

the production of ventilation, is, by [22], 

H = a( ^-* ^ - 900 (211-48.5) 

" "U59+T ; 459+211 ^''^ ****• 

The portion of the above ventilating column expended, in this instance, 
on the expulsion of the air from the top of the upcast shaft, is, by [26], 

, Q^ (459+T) __ 225,176« ( 4 594-211) ...ar,,, 

""" 231,600 A« (459 -ft) "" 231,600x153* (459+43-5)"'^^ ^* 

that is, 13*6 feet of air, of the density due to the temperature of the 
downcast shaft, t, would produce the pressure required to generate the 
final velocity with which the air left the top of the upcast shaft; and 
therefore this portion of the ventilating column is carried off, so to speak, 
as momentum in the air leaving the top of the upcast shaft;, and is lost 
to the resistances or drag in the shafts and workings of the mine, which 
have therefore to be overcome by the remaining part of the ventilating 
column, which will be (225 — ^13'6)=211'4 feet of vertical column of air 
of the density due to t. 

In this case, therefore, only about l-16th part of the ventilating pres- 
sure is expended on the velocity or motion of the air, while the remaining 
15-16th parts of such pressure is expended on overcoming the drag or 
resistances of the shafts and workings ; and since it appears, by the laws 
recited in Chap. I. that the quantities of air circulating in the same mine 
are, ceteris paribus, proportional to the square roots of the pressures per 
unit of surfeu^e by which they are put into circulation, it follows that only 
>/ -jJ^, or l-4th of the quantity of air circulates, which would have circu- 
lated had there been no drag or resistances in the shafts and workings ; 
and if it were possible to remove those resistances, the quantity of air 
put into circulation by the same pressure would gradually increase in 
amount as they were reduced ; but in this mine, with the same pressure, 
could never exceed four times the quantity — 225,176, or 900,704 cubic 
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ftet per mmnte; beoanse the whole of the pressure, or 235 feet of air 
oolnnmy would then be required to generate the velocity with which the 
air would leave the upcast shaft. 

It is highly probable that a smaller proportion than even 6 per cent of 
the ventilating pressure, as in this case, will, in other less effectually 
ventilated mines, be employed in creating the final velocity, more parti- 
cularly in cases where the upcast shaft is of greater area in proportion to 
the extent of the galleries requiring ventilation. 

(26.) In the case of Tyne Main Colliery, the entire ventilating column is, 

^-^{mTT)= «^2(^^)= 203-2 feet, 

or about .S of the depth of the upcast shaft, even a higher proportion 
than in the case of Hetton, both being exceedingly hot upcast shafts at 
the times of observation. 

The portion of the ventilating column finally expended on the mere 
expulsion of the air from the top of the upcast shaft at Tyne Main 
Colliery is, 

.. Q' (^59-HT) 102,50y (459+262) o.... . 

""■ 231,600 A« (459 -ft) "" 23 1,600 x50-257» (459+44) ==^^ ^ '«®^ 

being slightly more than l-8th of the entire ventilating head of cool air 
CfT pressure employed in ventilation ; so that, in this instance V ^, or 
rather more than l-3rd of the air circulates, which would arise from the 
entire pressure, if there were no resistances to be overcome ; about 12 J 
per oent. of the entire ventilating pressure being employed in the gene- 
ration of the velocity of expulsion, and the remaining 87^ per cent, being 
absorbed by the resistances in the shafts and air-ways. 

(27.) From a published statement relative to Haswell Colliery, we have 

The area of the upcast shaft, in feet 58 

Depth of the upcast cast shaft, in lineal feet 936 

Average upcast temperature 165^ 

Downcast shaft temperature 62^ 

Cubic feet of air, per minute 94,900 

We have, for the entire ventilating column of air, at 62^, in this instance, 

being rather more than l-6th of the depth of the upcast shaft ; the air- 
column, of 62^, due to the upcast shaft velocity, in this case, is, 

h= . Q'(^ty)-_ '-= H900' (469+ 165) 

281,600 A' (469 + 1) 281,600 x 58' (4 J9+ 63) " ^"^ *** *^^'" 
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So that rather less than 1-llth part of the ventilating pressure is expended 
on the velocity of expulsion, or carried off as momentum by the air 
leaving the top of the upcast shaft ; the remaining part^ or rather more 
than 10-llths of the entire pressure being employed on overcoming the 
resistances encountered by the air in the mine and shafts ; the quantity 
of air circulating being to that which would have been expelled from the 

upcast area, had there been no resistances^ in the ratio of >/ 13*84 to 

V 154*5; or of 372 to 12'43, or about 30 per cent, of the latter quantity. 
(28.) For the sake of instituting a comparison between the resistances 
which would be encountered by equal amounts of air in each of the three 
casies named, Hetton, Tyne Main, and Haswell Collieries, we have 

Eetton. Tyne Mo. Hatw. 

Temperature of downcast shafts, assumed ) ^qo.K aao po"* 

as that of the head of air-column .... 3 
Height of air-column employed on the ) goK 20d'2 154'5 

resistances and velocity 5 

Air-column due to velocity, only 13*6 . . 257 . . 13*84 

Air-column due to resistances 211*4 ..177*5 .. 140*66 

Air circulating 225,176.. 102,503.. 94,900 

Reducing the heads of air-column to a standard temperature of, say 
62^, the heights due to the resistances of the shafts and mines become 
219-2 for Hetton Colliery, 183*8 for Tyne Main Colliery, and 140*66 
for Haswell Colliery. The pressures expended on the resistances being 
proportional to these quantities, we have now to find the pressure required 
to overcome the resistances in each case, on the presumption of a given 
and equal quantity of air circulating in each of the mines, in ordei* to be 
able to compare their respective amounts of drag; and, since the resist- 
ances are proportional to the squares of the quantities circulating in a 
given time, in the same mine, if we assume 1000 feet per minute as the 
standard for comparison, we obtain for Hetton Colliery, 

As 225,126> : 219*2 : : 1000« : -004325 ; 
for Tyne Main Colliery, 

As 102,503" : 183*8 :: 1000« : *01748; 
and for Haswell Colliery, 

As 94,900» : 140*66 :: 1000» : -01606. 

Hence the head of air column due to the resistances in the shafts and 

workings of Hetton colliery would have been *004325 of a foot, when 

only 1,000 cubic feet of air per mmute circulated : — •01748 of a foot for 

the dicnlation of the same amount at Tyne Main colliery, and 01606 of 
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ft foot for the eticulation of the same quantity at the Haswell colliery, the 
tiro ktter cases presenting, in fact^ each about four times the amount of 
the resistances eTisting at Hetton colliery. From this, it would appear 
that if it were practicable and desirable to reduce the resistances in the 
Tyne Main and the Haswell collieries by further splitting the air, or 
otherwise, to the same value as those at the Hetton colliery at the time 
of the observation, an enormous increase in the gross quantities of air 
circulating in these collieries would be die effect. 

(29.) The general law of the quantities being proportional to the square 
roots of the pressures will enable us to ascertain the quantity of air which 
would circulate in a mine at any assumed average upcast temperature, 
provided we have first ascertained the quantity put into circulation by an 
observed average upcast temperature in the same mine. 

Thui), if the quantity of air observed to circulate per minute be Q, 
when the downcast temperature is t, and the average upcast shaft tem- 
perature is T; and if d be the depth of the pit used as an upcast^ then 
by [22], the column of air at t, causing the ventilation, is 



^=<m$r) 



And if it be required to calculate the quantity of air Q, which would cir- 
culate through the same unaltered mine by altering the average upcast 
shaft temperature to T, and presuming the downcast shaft temperature to 

(jf^— t \ 
- . >Q , y l will be the ventilating pressure due 

to the new temperature, expressed in height of air column at t as before ; 
and since the quantities Q and Q are respectively proportional to the 

(T— t X 

T—t 



(-i""~t \ 
4^fl4- W ^® ol>tain the proportion, 



As 



and hence the equitation 



Q- «--J'J(wr) •• \^im^) 



C=Q 



459+2' 
4 459+T 



[28] 



which may be expressed thus — 

" (i59+T) (T—t ) 



« = QJ 



{469+ T) (T—t) 



[29j 
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from whence results the following formulaB for determining the upcast 
temperature T, and the ventilating pressure or head of air colunm re- 
quired to put the quantity Q in circulation^ provided we have first ob- 
served the quantity Q put into circulation by an observed upcast average 
temperature T; representingsuchheadof air column so required to cause 

the quantity Q to circulate by ^=d ( 459 . ^ )> viz : — 

^ tQ«(459-hT)+459gg(T-t) .^, 

= QH469+T)— C«(T— t) '^J 

and 

^-Q«(459+T) (^^^ 

As an example illustrating the application of these formulse let tis take 
the case of Haswell colliery, already alluded to, where the average upcast 
temperature, observed to create a ventilation of 94,900 cubic feet per 
minute, was 165^, when the downcast shaft temperature was 62^, and 
let it be required to determine the quantity of air which would be put 
into circulation by raising the average upcast shaft temperature to the 
high temperature of 369^8. Taking the formula [29], and having 
Q=94,900, T=166°, t=62o, and Jt:369o-8, gives 

O«94,900 rappSMSEgJ =142,360 cubic 

feet per minute, as the quantity due to the average upcast temperature 
of 369<^'8 ; shewing that an increase of nearly 200 per cent, in the ex- 
cess of the upcast over the downcast shaft temperature only creates an in- 
crease o{ about 50 per cent, in thequantity of air circulating in a given time. 
Had it been required to find, by calculation, the temperature of the 
upcast shafts, which would produce a ventilation of 142,350 cubic feet per 
minute, after observing that 94,900 cubic feet per minute resulted from 
an upcast temperature of 165% in the same time, where the downcast 
temperature is taken at 62^ ; then, by [30], we should have had 

^__ 62 X 94900* (459 +165) 4-459 x 142350* (165-62) _ q^oo.o 
■" 94900* (459 + 165)-142350» (165-62) ' 

as the average upcast temperature required, showing the mutual agree- 
ment of the formulaa [29] and [30]. 

Again, when the temperature and corresponding ventilation or quantity 
of air are given, and it is required to calculate the ventilating pressure or 
height of an air-column due to any other amount of ventilation in the 

same mine, then, by [31] 

,:^_ 142350'x 936 (165^62) ^,^.,. _ 
^■^ 94900* (456 +165) '=3^7-6 hneal feet 
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height of air-colamn due to the ventilation of 143^350 cubic foet of air 
per minute in the case of HaswcU, as already alluded to ; so that, whilst 
a rentilating column of 154*5 feet high put 94,900 cubic feet of air per 
minute into circulation, it would, in the same mine, require a colunm 
347*6 feet high, of the same density, to put 14S,350 cubic feet per minute 
into circulation — showing how slowly the quantity of air is increased, as 
compared with the rate of increase of ventilating pressure employed, being 
an increase of nearly 125 per cent in the pressure to produce only about 
50 per cent, increase in the amount of ventilation, the square root of the pres- 
sure increasing asrapidly as the quantity of air put into circulation increases. 
When several calculations are to be performed, the operations may be 
shortened by finding a constant G, for any minoi by first observing a 
series of corresponding values of Q, T and t, and making 

C^J^ [32] 



For, on substituting this value of Q l^"^^in [29] we get 



C-cJ 



i^- • ^^^ 



And, by a similar substitution in [80], there results 

rp 459^1+C^t ro4i 

The value of the constant C, as suited to any mine, can readily be 
found by taking simultaneous values of Q, T, and t, and substituting 
them in [82] ; in the case of Haswell, which has been taken for a pre- 
vious example, Q = 94,900 ; T— 165°, and t « 62°, and, by [32] in this 

C- 94,900 |^±^- 283,588. 
^ lo5 — 62 

By applying [33] to find the quantity of air due to an imusually higli 
upcast temperature, as before, 369°'8, 



as before found. And, in the same instance, by the application of [34], 

to find the temperature due to the quantity 142,350 cubic feet of air 

per minute, 

m^ 459 X 142,850* + 283,588* x 62 ^^ r. 

233,688«-142,350» ^ ^ ^' 

shewing the agreement between [29] and [33], and also between [30] 
and [34] respectively. 
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CHAPTER IV. 



On the eonsumptian of fuel by ventilatinffjumaees, and the method of 
determning the eomparaiwe economy ofdifferenJt modes of ventilation. 



(30.) In order to determine the comparative economy of fuel by dif- 
ferent modes of producing ventilation, it will be necessary to ascertain 
what would be the consumption of fuel by each mode to effect a fixed or 
standard amount of ventilation in one and the same mine ; and when it 
is not convenient to do this by experiment, it becomes necessary to ascer- 
tain by calculation what would have been the consumption of fuel by 
each mode had they been so applied ; taking as data the results of their 
application, under different circumstances, or at different mines. 

We proceed to investigate formulaa, which may serve to make such 
comparisons. 
Let F = lbs. of coal consumed per minute. 

q = number of units of heat given out by each 9). of coal ; that is 
to say, = the number of fcs. of water which each lb. of coal 
will, by its combustion, raise through 1^ of temperature, de- 
pending on the quality of the coal. 
Q » the coiTesponding quantity of air put into circulation each 

minute, reckoned in cubic feet, 
w = the weight, in B)s. avoirdupois, of a cubic foot of the air of 

the density at which Q is determined, 
r — the temperature of the return air, before being influenced by 

the heat of the iiimace. 
t <» the temperature of the downcast shaft, taken where the average 

heat prevails, if it is not uniform. 
T = The average temperature of the upcast shaft. 
'2669 = The specific heat of air, when that of water is assumed at 
unity as a standard; that is to say =» the quantity of heat 
required to raise 1 9). of air, through the same number of 
degrees of temperature, which an unit of heat would raise 
1 B). of water through. 
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I>t F^ lbs. of coal required to be oonsumed per minute^ t« cause a 
new quantity of air, Q^ to drcolate throogh the same mine, 
when T\a taken to represent the corresponding average npcast 
temperatore. 
In the case of ventilation by furnace action, the increase of tempera- 
tare which would be imparted to the air by the fuel would evidently be 
(if there were no loss by cooling) expressed by 

Fq 

•SflfidQw f®^] 

l^ie real excess of temperature in the upcast shaft over that in the 
downcast shafts if there were no loss by cooling, would be 

•55^+'-* |8«J 

And when the average prevailing temperature of the upcast shaft is 
deducted fiom that which would have prevailed had there been no loss 
by coaliDg, the result, 

is the loss of temperature by cooling, after passing the furnace, and be- 
fore reaching the point where the average temperature, T, prevails in 
the npcast shaft. 

(31.) According to Petit and Dulong, the velocity of cooling, or, in 
other words, the reduction of temperature which a heated body undergoes 
in an unit of time, supposing the excess of temperature of the heated 
body, over that of the medium to which it is exposed, to remain 
constant, and equal to T — t, by taking such unit of time as indefinitely 
small; calling such velocity of cooling v, is 

v = m (10077 (^""*)-l) + n(T-t)^'2^ [88] 

That part ofthe velocity ofcooling represented by m(l'0077^ ""^—1), 
being due to radiation alone; and the remaining part, represented by 

n.OQQ 

n (T— t) ^^^ being due to the contact of the gaseous medium to which 
the cooling body is exposed. 

The coefficient m, depending for its value upon the nature and extent 
of the sur&ce of the heated body ; while the value of n depends upon the 
nature and pressure of the surrounding gaseous medium to which the 
ooohng body is exposed, and the extent of surfiEU^e exposed to it by 
the body. 

The comj)lexity of this expression is such as to render it almost inad- 
VoL. III.— Dec., 1854. p 
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missable into any but Tory particular calculations, and for the present 
object it would perhaps be useless to attempt its introductioui inasmuch 
as it would probably prevent the formulss bein^ made use of in cases 
where more simple formulsa, although mere approximations, would be 
employed, as being* less troublesome. 

(32.) We shall probably obtain a tolerable degree of f4>proximadon to 
the truth, if we presume that the reduction of temperature by the cooling 
of the air, in ascending any upcast shaft, is directly proportional to the 
prevailing average excess of temperature in the upcast shaft, over the 
temperature of the downcast shaft, and to the length of time which the 
air is exposed to the cooling influence of the shaft walls.* 

Now, since the time of exposure of the air to the cooling influence of 
the shaft, just referred to, is, in the same shaft, always inversely propor- 
tional to the quantity of air circulating in a given time, the assumption 
we have adopted leads to the conclusion that the loss of temperature by 
cooling, after passing the fiimace, will, in the same shaft, be prqxirtional 

T— t 
to ■■ ; so that we may adopt a constant 1, suited to any shaft;, of 

such value, that 

1^* [39] 

will express the actual loss of temperature, whatever may be the values 
of the variables T, t, and Q; and hence [37] 

1 T-t _ Fq 

* Q " '2669 Qw ■*" '^^ 

so that by observing any corresponding values of F, Q^ T, t, q, w, and r, 
in any shaft, we can find 1 ; for, by the above. 



T— t )-2669Qw 



1 = -^fv^ ^oAflVn^ + «-T > [40] 



■} 



* It is probable thtit this aosomptioii is nearly correct, because, aocordindf to Newton, 
if we let — for approximate rules — 

A = initial temperature of a heated body ; 
T =s its temperature after the time t; 
a SB a constant coefficient ; 

y = the velocity of ooolinfif which will occur during^ the unit of time, ftr an ezoess 
T of temperature of the body over that of the surrounding medium ; and 
supposingr this ezoess to remain constant, we have the relations 

Logr.T^Loj?. A - 2*3^-; and V=»aT. 

By the former we can find the temperature T, after the time t, when we know th^ value 
of a, which depends on the weight of the body, and the extent and nature of its enve- 
lope or containing vessel, when it is a liquid, which can be determined by a single 
experiment. Tiie second gives the velocity of cooling, when we know the excess of 
temperature of the body over that of the medium to which it is exposed. 
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T— t 
And the difference, found by deducting the loss by cooling, 1 — ^j— , from 

the excess of temperature [36], which would have prevailed, if there had 
been no cooling, will give the prevailing excess of temperature, as due 
to the assumed consumption of fuel Fy and its corresponding air Q\ or 

and hence 

F='^^{Q{T-y)+\{T-t)\ [42] 



J Q {T-v) + 1 (r-t) I 



in which equation the value of T—t can first be determined from [30], or 
[34], as due to the quantity of air Q-y by means of any observed corres- 
ponding values of T, t, and Q in the same shaft : and from this equation 
[42J itself, the quantity of fuel F, required to be consumed per minute, 
to cause the assumed quantity of air Q, to circulate in the same mine, can 
be found. 

These formulae, as already stated, are based upon the assumption of the 
loss of temperature by cooling, being pro|)oi-tionul to the prevailing excess 
of the temperature of the upcast, over that of the downcast aii* ; and, 
inversely, to the quantity of cool air circulating in a given time : it is, 
however, probable that the loss by cooling increases in a ratio somewhat 
higher than that of the simple excess of temperature ; and, in fact, the 
time of the air being exposed to the walls of the shaft, will not be pre- 
cisely inversely proportional to the cool air circulating, but rather to the 
expanded volume of heated air passing up the shaft in a given time, 
considerations indicating that the formiilae just given, are not to be re- 
garded as affording more than near approximations to the truth, but as 
they may be serviceable in making comparisons and calculations on the 
subject, and may even lead to more simple and trustworthy rules, it has 
been considered proper to present them. 

[33]. Before applying the preceding formulae to examples, it will be 
proper to give rules for finding the weight, in fi)s. avoirdupoise, of a cubic 
foot of air, or the value of w. Dr. Prout determined the weight of dry 
air at the temperature of 60° Fahrenheit, and under a pressure of 30 
inches of mercury, to be 635-882176 troy grains, or -0765546 tts. avoir- 
dupoise, per cubic foot ^ and since the density of air is inversely propor- 
tional to the sum of the temperature, and the constant number 459, when 
the pressure remains constant^ and again, directly proportional to the 
pressure under which it exists, when the temperature is constant , if we 
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express the temperatura of the air by t, and the pressure in inches of 
mercury (reduced to 60^) by f, we get the proportioni 

Ab j»0„ . .0765546- —L_ • I'SS^f 

andhenoe 

l-8S44f .._- 

''^-m+r [^1 

When, however^ the air contains any vapour of water, the mixture will be 
of less density than is due to dry air at the same temperature, because 
the specific gravity of vapour of water, at the same temperature and 
pressure as dry air, has been found to be less than that of the air. Taking 
the average of the various slightly differing statements, as regards the 
spedfio gravity of vapour of water, we shall find that it is about '622, 
that of air at the same temperature and density being assumed at unity 
yfiB a standard. 

Now, in order to find the weight of a cubic foot of any gas or vapour, 
we have only to OBcertaia by [48J the weight of a cubic foot of air at the 
same temperature and pressure, and multiply the result by the specific 
gravity of thegas or vapour in question. So that if V express the weight 
of a cubic foot of any gas or vapour, of which the specific gravity is s, 

we have, 1-3244 f ,.., 

Dalton discovered, that, although evaporation takes place more slowly 
from the surfieuw of a liquid exposed to air or gas, than in a vacuum, yet 
any given space will admit the self-same quantity of vapour, whether 
such space be previously filled with air or gas|, or whether it be a perfect 
vacuum ; so that when a vapour is generated within a vessel which does 
not yield to pressure, if it is previously occupied by air or gas, the vapour 
generated, and the air or gas coexist throughout the entire extent of the 
vessel, and each exerts its own pressure or elastic force against the sides 
of the vessel, just as if the other were not present; and hence, the pressure 
on each unit of surfieuw becomes equal to the sum of the pressure exerted 
by the air or gas, and that exerted by the vapour. When there is present 
an excess of the Uquid, which gives off the vapour, evaporation goes 
on till the pressure and density of the vapour become equal to those which 
are due to the temperature when the vapour is in a state of saturation, 
and then it ceases. If, for example, the tension of the air or gas = f, and 
that of the vapour = f, tho tension or pi-essure of the mixture will be 

f + r. 
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Ifi howeTer, the sides of the vessel are perfectly yielding under the 
outward pressure of f, then the mixed air and vapour expand in the ratio 
of f to f + f ', and thereby the pressure of the mixture is reduced to the 
original pressure of the air f ; and hence, in this state of the mixture the 

elattio force exerted by the air or gas becomes f 7-^33^7^ 1 f^and that of the 

vapour ( fir/ K^' Now, since, by expansion, the space has been en- 
larged, a fresh portion of the liquid is converted into vapour, so as to fill it, 
with the elasticity f ', due to the temperature, giving rise to a further 
expansion, which, in &ct, goes on continuously, till the volume of the mix- 
ture, is to the original space, in the ratio of f to f — f ' ; because, after 
complete expansion under the pressure f, the vapour has its full elasticity 
r, so that the pressure of the air or gas can only be f— f ', in order that 
their sum may be equal to f, the total pressure ) and the space occupied 
by the air, (and penetrated by the gas also), will be inversely proportional 
to the elastic force of the air before and after expansion, respectively ; or 
as f— f ' is to f. 

Now, in order to find the elastic force of the vapour of water, mixed 
with air, it is merely necessary to introduce a vessel into the mixed air 
and vapour, and to reduce its temperature, by any of the known means^ 
below that at which some of the vapour begins to condense upon the vessel, 
or what is called the dew point of temperature, and carefully to note the 
temperature at which such dew or condensed vapour evaporates, as the 
temperature of the cold vessel returns towards that of the mixed air and 
vapour; then the elastic force due to the vapour, contained in such 
mixture, will be found by a reference to a table of the elastic force of 
vapour of water, as due to different temperatures when the vapour is 
saturated ; using, in referring to such table, the dew point of temperature, 
observed as already stated ; for the vapour in the air would evidently be 
saturated vapour at that temperature, seeing that it \& partially condensed 
by the slightest further reduction of temperature — then, having determined 
thus, the elastic force f, and noted the actual temperature of the mixed 
air and vapour t, we will have by [39], the weight of vapour in each foot 
of the mixture. In order to obtain the weight of air in each foot of the 
mixture, we will only have to deduct the tenison f of the vapour fix)m 
the total barometrical pressure, to obtain the actual pressure under which 
the air exists in the mixture, and by using the pressure so found, as the 
tension or elastic force, and the actual temperature of the mixture in [43], 
we obtain the weight of air in each cubic foot. Tredgold has given a 
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formula, which, being used instead of reference to tables, may be relied 
upon ad giving very accurate results in determining the elastic force of the 
vapour in the air, in inches of mercury. If t° be the observed dew point 
then 

f-=(X^^y m 

(34.) Before retuming to the general formuhe an example will here 
be given of the application of those just mentioned, by which to deter- 
mine the value of w. 

Let it be supposed that in a mixture of air and vapour, at a tempe- 
rature of 201^, the dew point were noted at 176^, the barometrical pres- 
sure being 30 inches,' then, in order to determine the weight of air in 
each cubic foot of space, on referring to Dalton's table hereinafter given, 
we would find the tension of saturated vapour, at a temperature of 176% 
as being 13-92 inches of mercury=f, and consequently (30—13*92=) 
16*08 is the tension of the air with which it is mixed, under the general 
atmospheric pressure of SO inches of mercury. Now, by [43] the weight 
of air only in each cubic foot, is 

*- 1-324 4 X 16-08 ^annafym^ -^ • 

^ — 459 + SOl^ ='082267 jds. avoirdupoise. 
The weight of vapour in each cubic foot of the mixture, by [44], is 

, 1-3244 X 13-92 ^^. m^n^y jl^ 
^= 469 + 201 ^ '^22 = -017374 lbs. 

And the weight of a cubic foot of the mixture consequently is -032,267 + 
-017,374=-049,641 lbs. avoirdupoise. 

The weight of a cubic foot of dry ah*, at the same pressure and tem- 
perature as those of the mixture, would, by [43], have been, 

-^^:^^ = -06202 lbs., showing that the mixture is lighter than 

dry air. 

The tension of vapour of water at 176®, as given by Tredgold's for- 
mula, is 14-37, which, it will be seen, agrees very nearly with Dalton's 
table. The use of the formula in this case being as follows : — 

176° + 100 = 276, the log. of which is 2-4409091 

177, a constant number, the log. being 22479733 

Difference 0-1929358 

Index, or constant multiplier 6 

14-37= the natural number of the product .... 1-1576148 
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(36.) When any large proportion of vapour of water is present in air, 
instead of using -2669, the specific heat of air, and w as determined by 
[43], in order to obtain the unities of heat required to raise a cubic loot 
through a degree of temperature, it will be necessary to find the weight 
of air and the weight of vapour in each cubic foot of space, as just shown^ 
and to multiply the weight of air by *2669, and that of the vapour by 
•847 — ^the specific heats of dry air and of vapour of water respectively, — 
and to make use of the sum of the products in lieu of using *2669 w, in 
[35J, [36], [37], [40], [41], or [42], or any others into which these quan- 
tities enter, as they can only apply to dry air, although where the vapour 
is of low tension no great error will arise firom taking the formulae as 
they stand. 

In mines the air is often in a state of saturation with vapour before 
reaching the fiimace, and if we take the tension due to 61^ it is *524=f '; 
and if the barometer stood at 30 inches, the tension of the air would be 
30^*524=29*476 ; the weight of air in each cubic foot being by [43], 

1-3244 X 2 9-476 ^„^^^^ 

^ = — 459 + er ='^75^3 *8- 

The weight of vapour in each cubic foot being, by [44], 

w'= 4^9 + 61° ^ '^^ = -000,830 lbs. 

and the weight of a cubic foot of the mixture would be '075073 + 

•000830 = -076903 fts., the weight of a cubic foot of dry air being 

-076408 S)s., so that the error in weight, when the vapour only has a 

tension due to 61^, under a pressure of 30 inches, would never exceed 

about 2-3rds per cent., whatever might be the actual temperature of the 

mixture, as the air and vapour expand alike. The specific heat of the 

mixture would require to be taken as 

-075073 X -2669 + -00083 x 847 

-076408 --^l*, 

that of dry air being '2669, so that the error here again would only be 
1| per cent 

(36.) To give an example illustrating the application of the formulae at 
the commencement of this Chapter, let it be presumed that in the case of 
Haswell colliery, as already alluded to, there was burnt 17*3212 fcs. of 
coal per minute, when 94,900 cubic feet of air was circulating, and that 
the quality of the coal was such as to give out 13,800 unities of heat 
per 9). of coal, over and beyond all waste of combustible and other matter 
in the cinders, soot, and smoke ; that is to say, supposing each lb. of 
coal put into the furnace to give out sufficient heat in combustion, as it 
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occurred, to raise 13,800 lbs. of water throuo;]i 1^ of temperature, then, 
by [37], the loss by cooling would be 

17-3212 X 13,800 .^^ ,^ ^ 

•2669 X 94,900 X '07626"*"^^ - 165°=25°-75, 

when the weight w of a cubic foot of air is taken at '07626 lbs. 

And since (165°-"62*')=103° was the prevailing excess of temperature, 
it follows that the initial excess of temperature must have been (103 -f 

2676)=128076, and that the loss has been (?^^^) = 20 per cent. 

of such mitial excess, which is equal to ( s-JH — ^^)=25 per cent 

of the prevailing excess of temperature. 

In the same case the value of the constant 1 will be found by the use 
of [40], to be • 

^=iS2^25<^''« =23,725. 

Taking this value of 1, and, by [39], we can find the loss by cooling when 
the larger quantity, or 142,360 cubic feet per minute are circulating ; thus, 

it being, in this instance, only 16 2-3ds per cent, of the initial excess of 
temperature. And although this is a smaller per centage of the initial 
excess of temperature than was found to prevail when the lesser quantity 
of air was circulating— -owing to the greater quantity of air being a 
shorter time exposed to the cooling influence of the shaft walls — ^yet since 
the actual quantity of air losing the temperature, and also the actual 
reduction of temperature, are both increased, in the case of the greater 
circulation of air, we find that the real loss of caloric is very much greater 
also, it being, in the two cases, proportional to the products 142,350 x 
61°-3 and 94,900 x 25°-75, or nearly 3 to 1, although the quantities of 
air are only in the ratio of about 1 J to 1. 

By [42] we find that the consumption of coal required to put 142,350 
cubic feet of air per minute into circulation, would be, using [30] or [34] 

to find r= 369<'-8 ; F= '^^^\qq^^^^ { 1^2350 x (369°-8-67°) 

+23,725 X (369°-8-.62«) I =74-345 lbs. per minute, being 4-29 times the 

quantity of coal required to put the lesser quantity, (or about f rds of the 
quantity,) of air into circulation in the same unaltered mine, in an equal 
time. Each lb. of coal, when the lesser quantity of air is circulating, 

94900 
therefore, jmts 17.0910 = ^;479 cubic feet of air into circulation; but 
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do enormous must be the increase in the consumption of fuel, to put 1} 
times this quantity of air into circulation, that it will be increased 4*29 

times — each lb. of coal then putting only ..^q.^ — = 1,914 cubic feet 

of air per minute into circulation, in the same unaltered mine. 

The quantity of air put into circulation in a given time, in the same 
mine, therefore, increases very slowly compared with the necessary accom- 
panying increase of fuel, consumed ; there being in fact no increase in 
the ventilating pressure, where furnace action is employed, produced by 
that part of the fuel required to heat the additional air up to the original 
shaft temperature ; while the remainder of the additional fuel, only adds 
to the quantity of air put into circulation, in a ratio proportional to the 
square root of the entire pressure produce^} ; so that, on the whole, the 
consumption of fuel required for the production of ventilation, by furnace 
action, increases in a ratio somewhat higher than even the cube of the 
quantity of air put into circulation in a given time. 

If we now presume that the question had been to determine what the 
consumption of fuel would have been, in the same instance as that already 
taken, to produce an upcast shaft average temperature of 869^*8 ; we 
should in the first place require to determine the quantity of air Q, which 
would be put into circulation, in the case in question, by such an upcast 
temperatiu^ ; and this could readily be found ; for, by [32] we should 
find the value of G = 233,588 ; and then by [33] we should find the 
value of ^ = 142,350 : and then, on substituting these values of Tand 
Q, in [42], we should, as before, have found 

*2669 V '07626 c ■% 

F= 18800 I 142360 (369^-8— 67*") +23726 (369 « 8-62) |= 74-345 Iba. 

for the consumption of fuel per minute : the value of 1, in each instance, 
being found by [40]. 

If, however, it had been required to determine by calculation, the 
quantity of air Q, due to some assumed consumption of fuel F, the case 
becomes more intricate, requiring the solution of a cubic equation, with 
very troublesome coefficients ; and in preference to this mode, it might be 
better to assume a value of Q, and by proceeding, as has been indicated, 
for the case of the quantity of air being given, find out the coiresponding 
consumption of fuel ; repeating the process, on the principle of double 
position, until the actual quantity of air is found, to the degree of nicety 
considered desirable. 

A similar remark will apply to the case of the upcast average tempera- 
VoL. III.— Dec, 1854. t^ 
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ture requiring to be determined^ when only the consumption of fuel is 
given, or assumed. 

(37.) When ventilation is created by engine power applied through 
machinery, the consumption of fiiel may be taken to be proportional to 
the power exerted by the same machine. The entire pressure per unit of 
surfiice may be taken, as ahready stated, as being proportional to the 
square of the volume of air circulating through the workings of the mine, 
which we will presume to be the same as the volume passing through 
the machine, for even 6 inches of water pressure is not more than one- 
eightieth part of the entire pressure of the atmosphere, and on the average, 
in mines, the expansion or condension will alter the volume of the air, in 
a machine, only about one-half of this amount, irom the average volume 
of air in the workings. 

If A represent the area of the upcast shaft, and Q the cubic feet of air 

circulating per minute, then will ^r-be the velocity of the air in the 

shaft in feet per minute ; then, if p represent the pressure in lbs. per su 
perfidal foot of shaft area, required to move the air through the mine, we 
shall have p A for the entire pressure exerted over the total area of the 

Q 

shaft, for this purpose; and consequently •— ^ x p A •?- 33000 will be 

the horses' power exerted in moving the air up to the mouth of the upcast 

shaft, which is expressed by ^ ^^ ; reasoning in a similar manner with 

regard to the power required to draw the air into the ventilating machine, 
when it acts by propulsion, or to expel the air into the atmosphere, when 
the machine acts by exhaustion, and calling the area of the opening from 
the machine to the atmosphere, a, and the pressure required, p', we shall 

Qp' 
have the horses' power expended upon this, expressed by " o ' qnAA »^^^ 

consequently, the entire power will be expressed by their sum, or 

^=^5S^ t«i 

where ^ is the number of horses' power exerted. 

But, since the squares of the quantities are proportional to the pressures 

per unit of surface, under similar conditions p+p' will be proportional to 

Q*, and therefore a constant, c, may be adopted for any given case, of 
such a value tbat 

pH.p'=cQ« [47J 

whatever may be the quantity of air circulating, or its corresponding 



Ill 

presBores p and p', in the same maoUne, and unaltered mine ; by sub- 
stitating which valae of p+p' in [46], we obtain 

^"" 33,000 1^1 

and since o, and 33,000, are both constants in any one case, we perceive 
that ^oc Q'; and since the power is proportional to the cube of the 
quantity of air circulating in any given mine, by the same machine, and 
the consumption of fiiel is proportional to the power exerted, it follows 
that, under the same circumstances, the consumption of Aiel by an engine 
employed in ventilation, will also be proportional to be cube of the quantity 
of air put into circulation in a given time. 

The value of c, as suited to any particular case, where a ventilating 
machine is already at work, will be found by observing corresponding 
values of p, p', and Q ; and using the following formula, which is deduced 
fipom [47] 

c=-^ [49] 

after which, the quantity of air which will be put into circulation in the 
same case, by any power whatever, may be found by the following for- 
mula, arising from [48], 

Q = J «3,000^ [50] 

while the power due to any other assumed quantity of air, can be found 
by [48] itself. 

The consumption of fuel by the engine, expressed in lbs., per horse 
power, per hour, being denoted by f ; and the entire consumption, in lbs. 

per minute being denoted by F, gives ^^ =F\ and hence, -H== — r— ^ 

which value of J? being substituted in [46], gives 

60 J^ _ Q (pH-pQ 



and in [48], gives 



33,000 



60 i^ _ c Q» , ,, 

T'" 33,000 '"^J 



From whence 



by which the consumption of Aiel can be found, whatever may be the 
quantity of air circulatii^ \ and 
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I 1,980,000 „ 



[63] 



by which the quantity of air due to any consumption of iiiel whatever, 
may be found. 

Ab an example, illustrating the application of these formulse, let it be 
required to find the comparative economy of fuel, between the use of 
ventilating furnaces, and an exhausting ventilating machine, of the de- 
scription used in the Harts mines, called the Hartz ventilator, if applied 
to the case of Haswell Colliery, on the data already given. 

When 94,000 cubic feet of air per minute was put into circulation by 
furnace action, we have presumed the consumption of fuel to have been 
17*3212 lbs. of coal per minute, which is probably close upon the real 
consumption. The head of air column, due to the ventilating pressure, 
we have determined to be 164*6 feet; and suppoemg the density of the 
air to have been .0767 lbs. per foot, the temperature at which the height 
of the column is calculated being 62^, and the air is presumed to have 
been nearly saturated with vapour due to that temperature, then the 
ventilating pressure would be 164*6 x *0767=11*69666 lbs. per fix)t, = p 
in our formula; and if we presume, the pressure required to expel the air 
from the receiver of the ventilating machine to be 6*S043d lbs. per foot, 
we should have this, for the value of p', and p+p'= 17 lbs. per foot; and, 
by [46], the horse power required 

By [49J we should have, in this case, the value of 

" = 94^^ = .000,000,001,887 

and if we take the consumption of fuel, by the engine, at 12 lbs. per horse 
power per hour, we should have, by [62], 

F •QQQ'Qf^jg^^^^ X 94,900-= 978 lb. 

for the consumption of fuel per minute by such an engine working the 
ventilating machine, when 94,900 cubic feet of air per minute was 
circulating, as compared with the assumed consumption of 17'S2121bs. 
of coal per minute by furnace action to create the same amount of ven- 
tilation, the pit being 160 fathoms deep. In pits of greater depth the 
furnace will operate more economically, and in others of less depth its 
consumption of fuel would be greater, other things being constant. 
All the formulae given in this Chapter are based upon the presumption 
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of there being no natural sources of ventilating pressiu^ in the mines 
to which they are applied^ and they can only be strictly considered as 
applying where this is so ^ at the same time in deep shafts^ and where 
the inclination of the mines is moderat^^ and a tolerably active ventilation 
is kept up by artificial means^ they will form good approximate rules^ 
although the tops and bottoms of the downcast and upcast shafts do not 
happen to be situated in the same horizontal planes, and there be some 
sources of natural ventilation arising from the air in the ascending parts 
of workings being rather warmer than in descending parts, or the reverse, 
80 long as such causes operate to a small amount in comparison with the 
applied ventilating power. 

In shallow pits, and where mines lie at a considerable degree of in- 
clination to the horizon, particularly when the ventilating power in use is 
small, the formulse given will not apply ; natural ventilation, in such cases, 
often forming a large proportion of the whole ventilating power in 
operation. 
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CHAPTER V. 



Ontke cireulaHon qfair through long galleries 0r air iwt^a^the benefits 

o/^^splittinj^^ the air in mines. 



(38.) A perusal of the laws recited in Chapter I. lead to the conclusion 
that the entire pressure per unit of suHace required to overcome the 
various resistances to the circulation of air in confined passagesi wiD be 
proportional to the square of the quantity of air circulating per minute^ so 
long as the form^nature, and dimensions of the air ways remain unaltered ; 
because the pressure due to each kind of resistance follows the law of 
variation just named ; and; therefore, the sum of all these pressures must 
vary in the same proportion. 

WheUi however^ the axis of a gallery or air way is not situated in the 
same horizontal plane, throughout its whole extent, but ascends or de- 
scends to different elevations or levels in its course ; it becomes necessary 
to consider the effects of the ascending and descending columns of air in 
such parts, which will, by their gravitation, necessarily affect the circulation 
of the air — excepting, indeed, in cases where the effects of the gravitation 
of the air in the ascending parts are exactly equal to, and so counteract 
the effects of, gravitation on the descending parts— as any excess of the 
one over the other will represent a constant pressure, either in favor of, 
and assisting ventilation ; or retarding it, as the case may be ^ but being 
invariable in amount, so long as the temperatures of the air remain the 
same, whatever may be the quantity of air in circulation. 

(89.) Again, if the final or exit end of an air way, such as the top of 
an upcast pit, when we are considering the entire mine as the air way^ be 
situated at a higher level than the initial or entrance end of the air way, 
(the top of the downcast shaft, under such circumstances ;) so that the 
barometrical compression of the atmosphere is not the same at these two 
points ; it becomes necessary in consi^ring the dynamical state of the 
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entire system to make allowances for any difference of pressure arising 
from this cause ; which, like the pressures last alluded to (38), remains 
constant; or may in general be regarded as doing so, in the same mine,^ 
whatever may be the quantity of air circulating in a given time. 

(40.) It may further be observed that the pressure per unit of surface, 
doe to the generation of any velocity possessed by a current of air, when 
it first reaches the initial or entrance end of an air way under notice, will 
act as momentum and assist in propelling the air through the air way ; 
so that it may be regarded as so much ventilating pressure assisting the 
other sources of ventilating pressure in causing the air to circulate ; and, 
on the other hand, any pressure due to the generation of the final velocity 
with which the air is ejected from the exit end of the air way under 
notice, will be carried off as momentum by the ejected air, and will be a 
constant source of expenditure of ventilating pressure : these pressures, 
however, are proportional to the square of the quantity of air circulating 
in a given time in the same mine. 

The air, entering the top of a downcast shaft from a state of rest, must 
not be regarded as reaching the entrance end of the air way with a positive 
velocity, because, in fisu^t, it starts frt)m a state of repose when we dis- 
regard the effects of winds, which we are not here considering — ^but the 
pressure due to the generation of the velocity with which the air leaves 
the top of an upcast pit, or the exit end of an air way or gallery, or any 
f >articu]ar portion of an air way under notice, will always require to be 
coasidered as a real expenditure of pressure, over and beyond the amount 
due to the frictional and other resistances, offered by the passage or air 
way. When, however, we are confining our notice and observations to 
only some limited portion of an air way, or series of air ways, where the 
air actually reaches and enters upon such portion with a real velocity, it 
becomes necessary to consider the effects of momentum, as possessed by 
the air when it so enters ; because the pressure due to the generation of 
the velocity in question is, in fact, so much pressure assisting any other 
sources of ventilating pressure in propelling the air through the air wny, 
and finally ejecting it therefrom. 

(41.) In order to enter upon the investigation of this port of our subject, 
let us take a case where we will suppose that the tops of the downcast 
and upcast pits are situated at the same level, each of the same depth, and 
that the gravitation of the air in all the ascending parts of the air ways 
(the shafts only excepted) exactly equals and counteracts the gravitation 
of the air in all the descending parts of the%r ways; under which cir- 
cumstances no nnturf|| ventilation4fculd prevail. 
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Then, if 
DQ=The pressure per superficial foot (expressed in feet of air column, of 

the density due to the air in the downcast shaft) arising irom the air 

in the downcast shaft, being in iact the depth of the downcast shaft 

itself in lineal feet. 
Uo=The pressure per superficial foot, (also expressed in feet of air column, 

of the density of the air in the downcast shaft), due to the air in the 

upcast shaft. 
R=The pressure per superficial foot, (also expressed in the same terms as 

Bq and Uq), required to overcome the frictional resistance offered 

by the shafts and air-ways when only one cubic foot of air per minute 

is in circulation. 

c 

A=The area in feet of die top of the upcast shaft. 
Q=The number of cubic feet of air circulating per minute. 

Under the circumstances just supposed, we would have for the entire 
ventilating pressure employed D^ — ^Uq ; and the portion of this pressure 
employed on overcoming the frictional resistances of the shafts and air- 
ways would be expressed by Q'R ; the remaining part of the ventilating 
pressure employed would be expended on the expulsion of the air from 
the top of the upcast shaft, (presuming that P6clet's experiments are 
correct in leading to the conclusion that angles and turnings do not in- 
crease the resistance of an air-way ; or on the other hand that R includes 
any such resistances, as due to the mine, if they exist), where the velocity 

Q 

would be -T- expressed in lineal feet per minute, and the pressure due to 

its generation, as deduced from [10], would be ' oq-i /iaa a a > ^v^"&> 
therefore, 

2?o-Po=cyR+ ^JloA* f^*5 

which may be reduced to 

2?o-?7o = Q'(R+^j;6^) [W] 

and givos rise to the equations, 

Q = 



i>o-«^o 



> R + 



[56] 



and 



231,600 A« 



^■" V ° • 231,600 A« • • f^^^ 



And if we presome furnace ventilation to be the means used to cause the 
air to circulate^ by referring to [22J we perceive that, 

^<'-^o = «*{-WTt} t-'«i 

and, by substitution, 



Q = 



t 459+T 5 



R + 



1 
'S31,690 A.' 



[59] 



and, 



\ T-t ) 
I 469+T J 



1 



R== ^ ^^-^^ > ^ [60] 

^■" Q« 231,600 A* ^ ^ 

On comparing equsktions [69] and [83], it will be seen that they ai'e of 
the same form, and, in &ct, that, 

C= ^. [61] 



1 
^ "^ 231,600 A« 



So that if we bad the means of determining the pressure per unit of 
surface R, required for circulating one cubic foot of air per minute, by 
measuring the dimensions of the air-ways, contractions, &c., in such a 
mine; we could, by [61], determine the value of the constant C; and 
then, by [34] we should be able to determine the upcast temperature re- 
quired to circulate any quantity of air in the mine ; or, by [33], we could 
find the quantity of air which would be put into circulation in the mine 
by any assumed upcast shaft temperature, and that without any previous 
observations on corresponding or simultaneous upcast shaft temperatures 
and quantities of air. 

(42.) To determine the value of R, or the pressure per unit of surface 
due to the resistances arising from friction, contractions. Sec,, in a mine, 
by means of measurements and observations on the resistance offered by 
different materials, composing the inner surfaces of the air-ways, as 
due to the circulation of one cubic foot of air per minute, would ge- 
nerally be an extremely troublesome operation, and in extensive mines 
where the air is subject to great losses by the leakage of stoppings and 
doors, and often has the chance of passing through galleries and goaves, 
so filled with fallen stones and other materials as to render them inacces- 
sible, it would be useless to attempt such a task ; at the same time, for 
many purposes other than the ventilation of mines, such as the ti-ansmis- 
VoL. III., Dec, 1864. ' n 
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Bion of air or gases through pipes, flues, or chimneys, it may be useful 
to be able to determine in this manner, the pressure in question; and hence 
we shall not think it a waste of time to giye formules bearing upon the 
subject, more particularly as they may, if used in conjunction with other 
means, to be explained in a future page, be found useful in considering 
the ventilation of the most extensive and complicated mines. 

(48). In order to find the value, of R by means of measurements, and 
observations on the nature of the materials forming the internal walls of 
an air-way, pipe, or flue, it will be desirable, in the first place, to consider 
it as divided into such short lengths as may be necessary, in order that 
the area and perimeter of section, and also the nature and state of the 
material composing the inner surface may be uniform throughout the 
entire extent of each division, or, where, from the tapering nature of the 
air-way, pipe, or flue, this uniformity of section does not extend over 
any definite distance, other divisions should be made, so that uniformly 
tapering frustra of cones or pyramids be formed of the tapering portions. 

If, then, 
LsThe length in feet of any such division. 

CssThe perimeter of the section of the same uniform division, in lineal feet. 
A=The area of the section, over the extent of the same division, in 

superficial feet 
E=The co-efficient of fnctional resistance due to the nature of the mate- 
rial forming the internal walls of the air-way, being the pressure 
required to overcome the fiictional resistance offered to the air when 
moving at the rate of one foot per second, for each superficial foot of 
rubbing surface exposed to the moving air. 
Xhen, by (6), (6), (7), and (8), we have, for the pressure per unit of 
surface required to overcome the friction of a cubic foot of air per 
minut(>, passing through the division under consideration alone, 

K^ [62] 

aiid since this pressure is proportional to the square of the quantity of air 
circulating in a given time, 

K^ [63] 

will be the pressure per unit of surface required to overcome the fHc- 
tional resistances of the same division, when any other quantity of air, 
Q, is in circulation through it, per minute. 

By appl}'ing [62] with different values of K, L, c, and A, as suited to 
each separate division, we shall successively obtain the amount of pressure 
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required to overcome the fidctional resistances of each of them^ as due to 
one cubic foot of air per minute passing through each. 

Beferring to (14)^ and considering that the quantity divided by the 
area^ gives the velocity, we find that the pressure required to overcome 
the additional resistance arising at each diaphragm or regulator, when 
only one cubic foot of air per minute is passing, will be expressed by 




[G4J 



a being the area of the hole in the diaphragm, and A that of the air- 
way in feet A little more than one-half of this amount being, probably, 
the pressure due to each sudden contraction of the air-way in the direction 
of the current of air ; but, as to which, farther experiments appear to be 
desirable, as also with respect to the above empirical formula, which does 
not give precisely correct results. 

For each conical part of the air-way, the pressure per unit of surface, due 
to one cubic foot of air per minute passing, will be found by the expression 

^ ^ (^'-\ [65] 

d (m— 1) m* A* Cos u '• •• 

where L is the length of the irustrum, in feet ; A the area in feet of the 
smaller end of the finistrum ; m, the ratio of the greater to the lesser 
diameter of the frustrum at its extremities ; d being the lesser diameter 
in feet 3 and u the ratio of the area of the contracted vein to that of the 
full area of the irustrum, when the conditions are such that a contraction of the 
flowing vein of air occurs at the end of the frusti'um where the air enters it. 
But when m exceeds 2 or 3, and the cone is long in proportion to its 
diameters, we may employ, as sufficiently correct, the expression 

d (m-l) A' [^^] 

It results from the fact that the ratio of the perimeter to the area, is 
the same in a square as its inscribed circle, that the resistance is the same 
in the two figures alluded to when the velocities are equal ; but, for equal 
quantities of air in a given time, the velocities will be inversely propor- 
tional to the areas, and the resistances inversely proportional to the 
squares of the areas, (being directly proportional to the squares of the 
velocities,) so that, in order to find the resistance due to one cubic foot of 
air per minute, passing through a four-sided pyramid, it will only be 
necessary to employ [66] or [66] to determine the pressure due to a 
cubic foot of air per minute, in passing through the inscribed cone, and 
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the pressure so found, on being multiplied by the square of *7854 or 
'6168, will give the pressure required to circulate one cubic foot of air per 
minute through the four-sided frustrum. 

After having, by the means just mentioned, obtained the amount of 
pressure per foot area, required to overcome the frictional resistance, and 
the contractions^ in each of the divisions or short lengths into which it has 
been necessary to divide the air-way, it only remains to add the whole of 
them together to obtain the entire pressure due to such resistances, when 
one cubic foot of air is circulating through the air-way ; and this is, in 
fiiot, the value of R in the preceding formulse ; and since the pressure 
required is proportional to the square of the quantity of air circulating in 
a given time, when the air way remains unaltered, it follows that Q' R 
will be the pressure per foot area, required to overcome these resistances 
when the quantity Q is in circulation. 

(44.) If the air, instead of being confined to one single pipe, flue, or air 
way, situated in a horizontal plane, had the option of dividing itself into 
rarious splits by following different passages, situated in the same plane, 
instead of using the value of R, as due to any particular route taken by 
the air, it would be necessary to find the value of R, as the pressure due 
to the resistances indicated by it, in an imaginary passage, which should 
present exactiy the same amount of resistances as the joint action of all 
the united passages would, in ftot, present, when considered as aiding 
eachoth^in transmitting one cubic foot of air per minute; and the ralue of 
R so found, could then be used in any of the formula already given, soas to 
give correct results into whatsoever number of splits theair might bedivided. 

If, for instance, at any particular part, the air-way divided so as to 
present two distinct routes to the air, a portion following each of the ways 
so presented ; and if we had fi>und the pressure required to overcome the 
fiictional resistances, contractions, and angles, and to generate the final 
velocity occurring in one of the routes, by [55], on the presumption of one 
cubic foot of air per minute passing through it, and represented that pres- 
sure by Ml. And if the pressure due to the transmission of one cubic foot 
of air per minute were found by [55], for the other of the two routes, and 
represented by M^-— excluding in each case, any pressure due to the parts 
of the air-way, traversed by the air before reaching, or after leaving the 
divided passages. If we further represented by M the pressure per unit 
of surface required to transmit only one cubic foot per minute through 
the two routes jointiy, Q^ representing the quantity going by the route 
to which Ml has reference -, and consequentiy (1 — Qt) going by the route 
to which Mn has reference. 
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The pressures M, Mi^ and H,, in each case, being understood to embrace 
the pressure due to the generation of any initial Telocity which the air 
may possess on its arriTal at the entrance end of the divided air-ways, 
immediately before being split or divided 5 as any such pressure, in the 
form of momentum, actually assists in the transmission of the air through 
the splits. Then if the air-ways are either situated in the same horizontal 
plane over their entire leng^, or, on the other hand, the density of the 
air is so uniform that the gravitation of the air in the ascents and descents 
in each particular route exactly counteract each others effects, it follows 
that the air will naturally so divide itself, between the two routes, that the 
expenditure of pressure in each instance, including that due to the gene- 
ration of their respective final velocities, shall be of equal amount, or so that 

M = QiMi = (l-Q,)«M. [67] 

and hence. 



and also, 
and therefore. 



AsQx;(l — Qx) :: VM, : -s/Tir 



Q, _^^'_ [68] 

'•Ml + VM. 

and by substituting this value of Qi in [67J, we get^ 

M = ' ^ :,...r69] 

as the pressure, which is just capable of transmitting one cubic foot of air 
per minute through an air-way, which, alone, would present equal facilities 
for the transmission of air with those offered by the two air-ways acting 
in aid of each other ; or, what is the same, the pressure per unit of surface 
capable of transmitting a cubic foot of air per minute through the two 
air-ways, considered jointly. 

It must here be noticed that M, Mi, and M,, in the above formulsB, 
embrace the effects of the initial and final velocities, and so represent the 
portion of Dq— Uq, expended upon the divided parts of the air- ways, when 
one cubic foot of air per minute only is in circulation (and Q' M, Q^ Mx, and 
Q' M9 the portion when any quantity, Q, is circulating, as in [55] ;) and 
hence have a different signification from R, in that formula ; being, in 

fact, the same as R + 001 ^/^/^ a^ ^^ ^^^^ formula, when the air 
starts from a state of rest. 



(46.) If instead of the air- way being divided into only two, it were 
at the same place, divided into any greater number of ways or branches, 
we could find the joint effect or value of M, as due to the whole of them, 
on the same principles; for, taking any two of them, we could find, by 
[69] a value of M as suited to them, acting jointly, one in aid of the 
other; and then, by adopting M, so found, and substituting it in [69] for 
Ml, and using M|, as the pressure due toone cubic foot per minute being 
sent through the third route, instead of Hg in the same formula, we 
would find the pressure required to send a cubic foot of air per minute 
through such three routes, when acting jomtly ; and so on, for any number 
of routes into which the air-way might diverge. 

(46.) Although, in order to arrive at the quantity of air which will 
pursue each separate route, where the air is splits it has been necessary 
to consider the entire resistance, including that due to the final velocity 
at the end of each spUt, and also to include in the force or pressure em- 
ployed that which is due to the velocity with which the air reaches the 
point where it is split or divided, it will not be necessary to consider these 
pressures at the commencement and termination of each of the minor, or 
ordinary divisions into which the air- way may be considered as divided, 
for finding the pressure due to the whole air-way, because the final 
velocity of the air at the end of each of such divisions will necessarily be 
the initial velocity of the succeeding division, and so its effects would be 
continually counteracted in adding the total resistances together, to obtain 
the resistance of the entire passage or air-way. 

(47.) In order to find the quantities of air Qi, Q„ Q„ &c., which would 
pursue particular routes into which an air-way may be divided, the 
specific resistances of which are M^, M,, Mg, &c., when M is the specific 
resistance, found by the rules already given, as due to the joint and 
united operation of the whole of them ; when the entire quantity of air 
transmitted through them is Q (always presuming the point where they 
divide and re-unite, each to the parent current, is the same) and they 
are not affected by the gravitation of the air in the ascending and de- 
scending parts of the routes, we have only to consider that 

Q« Mt = Q; M, = (^ M„ &o., and that, therefore, 
Qi VmI = Q, ^Mi = Qa >/Mr= Q VM~and hence 

for any number of routes so circumstanced. 
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Ify on the other hand, we had determined the specific resistance to 
which the joint action of any number of routes so situated are equivalent, 
to be M, and had observed the quantities of air flowing through the 
various routes to be Qi, Qg, Qg; £c., we could thereby determine the 
specific resistance of each particular route, because, by [70], we obtain, 

M. = (-Q-yMj M, = (-|-)'M; M.= (|-y M&C....C71] 

where Qi+Qg+Qs, &c =Q, the entire quantity of air in circulation per 
minute. 

In [67], [68], [69], [70], and [71], it must be borne in mind that the 
pressures M, M^, M^, M„ Ac., are only found to bear the relationships to 
Q; Qif Q» Qt> &(i', there indicated, when each passage is free from the 
eflPects of natural ventilation, which may arise from the air in the passages 
having different temperatures, and consequently different densities, in the 
ascending and descending parts ^of such passages, giving rise to forces 
which are not proportional to the squares of the quantities of air in circu- 
lation in the same passage, and which may prevail to different extents in 
the connected passages of the same mine; these formulse only being 
strictly applicable where such forces do not obtain ; yet where they only 
exist to a small extent in proportion to the forces due to frictional resist- 
ances, contractions, <£;c., represented by M, Mi, Mj, M,, £c., the formulae 
may give useful approximations to the truth. 

(48.) When several currents of air traverse, in common with each 
other, a passage unaffected by natural ventilation, if the quantities of air 
in the different currents are represented by Qi, Qj, Qs, &c., and a series 
of corresponding resistances by M^, M„ Mj, &c,, while the united current 
is represented by Q=QiH-QaH-Qi, &c., and the actual pressure required 
to force one cubic foot of air per minute through the passage is denoted 
by M, we should evidently have 

*^' = (-1)' *^'^= (-ty M;M. = (-|-)" M&c...[72] 
provided we assumed the corresponding resistances of such values that 

QJM, = QJM, = QJM3 = Q«M; 

in which case we could calculate the expenditure of pressure, from any of 
the separate currents, or from the united current, encountered in the pas- 
sage in question — the resistances Mj, Mg, M„ &c., being, however, hypo- 
thetical — a process which may, in some instances, be useful in reducing 
the calculations, whether in investigating the theory of ventilation, or in 
determining the resistances which any particular current of air actually 
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encounters, as distingoisbed from others with which it may in some pai*ts 
of its route be intermixed. 

(49.) In order to exhibit in a general point of view the benefits arising^ 
from ^^ splitting^' or dividing the air in mines, into different currents, each 
having a portion of the workings of the mine allotted to it for ventilation, 
it will be assumed that the effects of natural ventilation do not affect the 
results, which will be true of mines having all the workings situated in 
the same horizontal plane, or, under the contrary circumstances, of the 
workings lying at an inclination to the horizon, provided the air preserves 
the same temperature throughout the whole, and there is but one down- 
cast and one upcast shaft, as this will render the investigation more 
simple. 

As, however, in this part of the subject reference will be made to the 
coefficient of friction, it may not be amiss here to present a table shewing 
the actual value of this coefficient, under different circumstances, as deter- 
mined from experiments made by MM. Girard, Daubuisson, and P^clet. 

TABLE 1. 

Shewing the valoe of the ooeffioient of friction K, as oied in the preoeding fonnols ; 
being the heig^ht in feet of air column, required to overcome the friotionAl resis- 
tance enoountersd by one cubic foot of air per minute, passing through a passage 
presenting one foot area of section and one foot area of rubbing surface to the air. 



Nature of the 
material compos 
ing the Air-way. 



Cast Iron ....•< 



State of the internal 
surface of the 

material composing 
the Air-way. 



GENERAL TEMPERATURE OF THE AIR. 



CooL. 



Sheet Iron .. 



Burnt Earth ) 
or Pottery. ( 



Tinned Iron . . . . 



Tanrtfd or pitched 
inside— -after 
long use .... 

Covered with soot 
after long use 
as a chixnney. 



Rusty 



Hot. 



OBSERVERS' NAMES. 



Girard. 



I 



1-905 



100,000,000 



Daubuisson. 



New, and free from 
rust and soot. 

New, dean and tret 
from soot.... 



Tin upon Iron.... 



2-7517 
100,000,000 



P^et. 



2*54 



5-2917 
100,000,000 



100,000,000 



10-583 
100,000,000 

26-881 
100,000,000 
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(60.) The general features of the mode about to be pursued to exhibit 
the effects of dividing the air by splitting it into different currents is 
suggested by the perusal of Mr. Combes' remarks on the same subject. 
Snppose a mine, having one downcast and one upcast shaft, and an ex- 
tent of workings free from the interference of natural ventilation in any 
part of them, composed entiriBly of galleries having the same area and 
perimeter of section in all their extent, and that such workings present 
a rubbing surface to the air, which in all parts has precisely the same co- 
efficient of resistance ; suppose, further, that all the workings, excepting 
a short distance very near the bottoms of the shafts, may be successively 
divided into any number of different groups, for ventilation by distinct 
currents of air, and so that each group, whatever may be their number, 
shall possess exactly the same development of galleries, and the same 
number of angles or turnings, and be each similarly situated with respect 
to the points where the air divides itself and again re-unites before as- 
cending the upcast shaft ; and let the following notation be adopted — 
MsrThe pressure per unit of surface, or head of air-column, required to 
overcome the frictional resistances in the shafts, and the galleries ex- 
tending from the points of division and re-union of the air to the 
shafts, and which are consequently traversed, in the same manner as 
the shafts themselves, by the whole of the air. 
A=:The area of the upcast shaft, in feet. 

Q=The cubic feet of air per minute, ventilating the whole of the mine. 
P=The ventilating pressure employed, expressed in height in feet of air- 
columui being in fact the same as D^ — TJ^ in our preceding inves- 
tigations. 
LssThe length in feet, of the whole extent of the air-ways lying between 
the points where the air divides and again re-unites, respectively ; 
but not including the shafts, and portions of air-way extending from 
them to the points of division and re-union. 
c=The perimeter of the section of the air-ways which form the different 

groups of workings, expressed in feet. 
a=:The area of the uniform section of the aii'-ways, admitting of divi- 
sion into groups, expressed in superficial feet. 
kssThe coefficient of friction, suited to the nature of the air-ways which 

are divisable into groups, as described. 
n=The variable number of groups into which the workings are divided 
for the purpose of separate ventilation. 

(Q« 
-^ being taken instead of the square of the velo- 

VoL. III.— Dec, 1854. s 
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Q* 

city, to which it is equal,) wb have oqi aqq a " * ^°' *^® pressure in 
head of air-column, due to the velocity with which the air leaves the top 

Q" 

of the upcast shaft ; and P — qqi 6qq a » ^^ ^® ^® pressure remain 

ing applicable to the resistances ^ the resistances in the shafts and the 
undivided parts of the air-ways will require a pressure=Q" M to over- 

come them, leaving P — 231600 A' ~ Q* ^ ^ overcome the resistances 

which present themselves in the portion of the workings admitting of 

being divided into groups, as already explained ; the resistance in these 

workings before splitting the air at all, according to [63J, would be ex- 

k L c 
pressed by Q* — -g— ; but if they were divided into n perfectly equal and 

similar groups, the effect would be equivalent to increasing the area open 
to the air, n times, or to (n a); while the rubbing surface exposed by the 
air- ways, L c, would remain unaltered, and, therefore, the pressure due to 

k L c 

the resistances in question would become Q' ^ y j or if we consider 

it in another point of view, and look upon the area as becoming (n a), 

and the length of passage pursued by the air, as being reduced to — 

we must also consider that the perimeter of the section of the air-way 
allotted to each group is unaltered, and the sum of all the perimeters in 

the different groups is therefore n c ; and if for L we substitute — , we 

n 

must at the same time substitute n c for c, and this gives the same result, 

k L c 
or Q^ y y , as the pressure due to the resistances alluded to, when the 

air is divided into n different splits or divisions; the resistance just 
alluded to being added to those before mentioned, will indicate the total 
expenditure of ventilating pressure, which must be equal to the entire 
pressure P, employed, or 

P= 231,600 A' + Q'M + Q* W • ^''^ 

and hence 

Q = 



1 t: — rcT t74] 



4 231,600 A* ■*" ^ "^ 



n»a' 
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when the air is divided into n splits of equal amount : before the air is 
split at all, and when the whole column is required to traverse successively 
all the workings, n becomes equal to unity, and consequently 

p 



Q= 



1 .M.JlJ- '''' 



281,600 A« • a- 

Let it now be presumed that, in the example mine we have endeavoured 
to describe, the ventilation is caused by a pressure equal to that arising' 
from a column of air 200 feet high, the area of the upcast shaft being 
taken at 100 superficial feet ; the value of M, or the head of air-column 
due to the shaft and other unreducible resistances, when one cubic foot of 
air per minute is in circulation, we will suppose to be '000,000,014,668,4 
feet; the extreme minuteness of this number arises from the quantity of 
air forming the unit of circulation, being only one cubic foot per minute; 
the coefficient of resistance in the divisable parts of the workings we will 

suppose to be k= iqqqqqqqq } the entire length of such passages 60 

miles or 264,000 feet ; the perimeter of the section of these air-ways we 
will take at 30 feet = c; and its area a = 40 feet ; then before splitting 
the air we should have for the quantity of air in cu'culation, by [76] 



200 __ 

1 ^ .n.n nnn n,. ..o . | '000,000,030,303x264.000x30 - 7,288 

231,600 X 100'^ T- , , , , -r ^^3 

cubic feet per mimite. 

If we conceive the air in the same mine to be divided, by splitting, 
into 10 equal currents, each traversing only one-tenth of the divisable 
part of the workings, we should then have, by [74] 



Q = 



200 



+ .000,000,014,568,4 + ' 00Q,000>030,303 x264,0Q x 30 



231,600 X100» ' ' ' ' ' ^ 103 X 403 

=103,280 cubic feet per minute, instead of the former quantity 7,288 
cubic feet per minnte, each of the 10 splits being 10,328 cubic feet ; so 
that upwards of 14 times the quantity of air would be introduced into 
the mine by the same amoimt of ventilating pressure per unit of surface, 
by being divided into 10 equal splits, as compared with its not being 
divided or split ; each of the splits actually embracing more air than the 
entire quantity, before splitting was resorted to. It must, however, be 
noticed, that to maintain the same ventilating pressure for diiferent quan- 
tities of air, requires that the power, whether obtained by furnace action 
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or by machinery^ driven by engine power; should increase in the same 
proportion as the quantity of air in circulation is increased, and the con- 
sumption of fuel will; in either case; follow the same proportion. To 
have obtained an equal increase, without resorting to splitting the air; 
would have required the power and consumption of fuel to have increased 
in the ratio of the cube of the quantity of air. 

In the case we have takeu; the resistances arising in the shafts and 
undivided parts of the air-ways near them; amounts to one-third of the 
entire pressure employed when the air is divided into 10 equal partS; and 
this is no imusual proportion to be met with in practice, had it been of 
less amount the benefits of splitting the air would have been greater. 
By substituting successively 1, 2, 3, 4, £c.; for n, in [74], as the number 
of equal currents into which the air-ways are divided, we obtain data 
for constructmg the following tabh 
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TABLE 2. 

TaUeu shewing the result of cUTiding such a mine as that supposed for ezaaiple into 
afferent numbers of simiUu: and equal parts, to be yentihited by separate currents, 
under a constant yentilating pressure. 



A 

No. of 

equal 

currents 

or splits 

of air. 


B 

Total quan- 
tity of air 
circulating 
per minute, 
in cubic 
feet. 


C 

Increase in 

the gross 

quantity 

due to each 

spUt added. 


D 

Quantity of 

air in each 

split or 

current. 


E 

Increase 
in the 

quantity 
of air 

in each 
split. 


F 

Decrease 
in the 

quantity 
of air 

in each 
spUt. 


1 
2 
8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 


7,288 

20,828 

86,088 

52,129 

66,667 

78,568 

87,706 

94,652 

99,652 

108,280 

105,940 

107,927 

109,402 

110,588 

111,421 

112,102 

112,641 

118,062 

118,422 

118,704 


13,046 

15,710 

16,091 

14,538 

11,901 

9,138 

6,946 

5,000 

3,628 

2,660 

1,987 

1,475 

1,181 

888 

681 

589 

421 

860 

282 


7,288 

10,164 

12.013 

18,032 

13,383 

13,095 

12,529 

11,881 

11,072 

10,828 

9,681 

8,994 

8,416 

7,895 

7,428 

7,006 

6,026 

6,281 

5,970 

5,685 


• . • • 
2,876 
1,849 
1,019 

801 

.... 

. * • • 

* . • . 

.... 

.... 

.... 

.... 

• . • . 

• • • • 
. . • • 
.... 

• • • • 

• • • • 
.... 
. • • . 


• • • • 

• . a • 
.... 

• • • • 

• • • • 

238 
566 
698 
759 
744 
697 
637 
578 
521 
467 
422 
880 
845 
811 
285 


29 
80 


114,888 
114,989 


"1^ 


8,962 
8,881 


• • • • 

• • • • 


• • • • 
181 


89 

40 


115,227 
115,245 


'"'is 


2,955 
2,881 


. * • • 

• • • • 


• • • • 
74 


49 
50 


115,847 
115,855 


8 


2,854 
2,807 


• . • • 
• • » • 


• a a a 

47 


99 
100 


115,455 
115,456 


i 


1,166 
1,155 


• a • • 

• • * • 


. . a . 
11 


Infinity. 


116,008 


When the air does not trayerse the working^. 



(51.) If^ however, in the same mine which has been taken in the fore- 
going example; we were to presume, that, instead of the pressure em- 
ployed per unit of sur&ce being constant, the horses^ power exerted to 
produce ventilation remained constant, as would be the case where fans, 
Harty pumps, and other machines, are employed in the production of 
ventilation ; then the effects of dividing such mine into different numbers 
of equal groups, for separate ventilation, would be somewhat different as 
regards the resulting quantities of air, as will appear if we let, (as in 
formula [46,]) 
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JETsHorses^ power of engine; and fbrther substitute in [46], the value 
of pH-p', which will evidentiy be w P, where w is the weight in lbs. per 
cubic foot of air of the density of that in which P is estimated, (for 
finding the value of w see [43], ) we obtain 

■^= 33,000 f'^^l 

and 

p= ^n^ '■"^ 

If we further presume that the head of air-column P, is estimated of 
the densi^ due to dry air of the temperature of 61^, under a pressure 
of 30 inches of mercury, we find, by [43], that 

^= ''^4l^ ^-076407118. 
which bemg substituted in [7T], gives 

^__ 33,000 JT 
*^"" -076407 Q 

and if this value of P be substituted in [74], we obtain the equation 

-076407 r7ftT 

1 -^r. — err l^s] 



Q 



\ 231,600 A» + ^^ + n« a* 



If we now presume the engine employed to produce the ventilation to be 
of 37*046 horses' power; and if we replace the literal quantities in [78]^ 
by their presumed numerical values in the mine which has been already 
adopted as an example, (excepting only the literal quantity n, denoting 
the number of equal splits of air^) we obtain a formula in which we have 
only to replace n by the number of splits into which we may conceive the 
air to be successively divided, to obtain the corresponding values of Q, 
or the quantity of air in cubic feet per minute put into circulation ; the 
formxda being, 

83000X37*040 



Q = 



'076407 
1 ^ >^^ . -000,000,030,308X264,000X30 



• 231600X100» 4-000,000,014,668,4+ ' ' ^,^,q. 



If the number of splits be increased without limit, and consequently the 
last expression in the denominator were rendered of no value ; in other 
words, if the air only had to traverse the shafts, and the air-ways ex- 
tending from them to the points where the currents divide and re-unite, 
respectively ; then 37*046 horse power would put into circulation 
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Q = 



HWjJi 



WS^ 



•076407 



J 231600xl00> +-000,000,014,668,4 



= 102,175 



cubic feet of air per minute. 

Table 8 shews the results of dividing the same mine into different 
numbers of equal parts, for separate ventilation, when the power em- 
ployed is constant. 

TABLE 3. 

Table, shewing^ the result of diridingr sach a mine into different numbers of similar 
and equal parts, to be ventilat^ by separate currents of air ; the power being 
constant. 



No. of 

equal 

currents 

or splits 

of air. 


Total quan- 
tity of air 
circulating 
per minute, 
in cubic 
feet. 


Increase of 

air due to 

each split 

added. 


Quantity of 
air in each 

split, in 
cubic feet, 
per minute. 


Decrease 
in the 

quantity 
of air 

in each 
split. 


A 


B 


C 


D 


JS 


1 


16,198 




16,198 


• • • . 


2 


32,094 


16,896 


16,047 


151 


3 


47,011 


14,917 


16,670 


377 


4 


60,129 


13,1 : 8 


15,032 


638 


6 


70,844 


10,715 


14,169 


863 


6 


79,042 


8,198 


13,174 


995 


7 


85,058 


6,016 


12,151 


1,023 


8 


89,492 


4,434 


11,187 


964 


9 


02,616 


3,124 


10,291 


896 


10 


94,850 


2,234 


9,485 


806 


11 


96,473 


1,623 


8,770 


715 


12 


97,675 


1,202 


8,140 


630 


13 


98,563 


888 


7,582 


558 


14 


99,241 


678 


7,089 


493 


15 


99,772 


531 


6,651 


438 


16 


100,177 


405 


6,261 


390 


17 


100,498 


321 


6,912 


349 


18 


100,755 


257 


5,597 


315 


19 


100,963 


208 


6,314 


283 


20 


101,132 


169 


5,057 


267 


29 


101,828 




3,511 


.... 


30 


101,861 


33 


3,395 


116 


39 


102,037 




2,616 


.... 


40 


102,042 


5 


2,551 


65 


49 


102,102 




2,084 


.... 


50 


102,106 


4 


2,042 


42 


99 


102,166 




1,032 


• » • • 


100 


102,167 


1 


1,022 


10 


Infinity. 


102,175 


When the 


air does not 


traverse 






tl 


le workings. 
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An examinatioii of these tables will shew how very gi*eat is the in- 
crease in the aii* circulating, whidi may arise from judiciously splitting 
the air in a mine, whether the ventilating pressure be supposed to remain 
constant, as in Table 3, or, on the other hand, the power employed be 
supposed to be uniform; and the difference between the one and the other 
of these suppositions may be estimated by comparing the tables, one with 
the other, commencing the comparison at the point where the air is in 
each case supposed to be divided into 6 splits, the quantities then being 
nearly equal to each other. 

In the example mine, if the resistances represented by M, as due to 
the shafts and air-ways near them, supposed to be traversed in every in- 
stance by the entire undivided current, had been of less amount, owing 
to the shafts being larger and the said air-ways of less extent, then the 
good effects of splitting the air would have been enhanced, as this inva- 
riable resistance would have been of less amount, so that a larger pro- 
portion of the total resistances would have been reduced by splitting 
the air. 

If, for instance, the head of air-column due to these resistances had 
only been '000,000,000,'818,2 feet for the circulation of one cubic feet of 
air per minute, instead of '000,000,014,668,4 feet, as has been presumed \ 
then, for a constant pressure of the same amount as in Table 2, we should 
have the quantities represented by [74], 

Q = I 200 

^ 1 -OOP QOO QQO mn C , • 0W,000,080,808 X 264,000 X 35 
^| 231600 X 100» + 000,000,000,818,2 + „» x 40» 

giving rise to the following table of results. 



TABLE 4. 
7U>le, (bewlog the renlt of dividiDr nuiti » nine «■ that Jiut deaortbed. Into mthreDt 
Dunben orslmUaT and equal parti, to be ventIUI«d bj gepuata ouireaU, udJct 







Inerease in 
Ihfl quantity 

iplit ^ed. 
In CQbio 




latcesMB 


iiecTime 


No. of 


roti] quan- 
tity 0? air 


Quantil? 
air ID each 


Of the 
quantity 


of Che 


equal 


droulaUnff 


iplit or 


afairin 


efairiu 




pMminuM 




Bachepht. 


caohiplll, 


ofiiEr. 


in cubic 
feet. 


cubic feet 
per minute 


in cubic 
feet per 
minute. 


in cubio 
feet per 


J 


B 


c 


V 


JS 


P 


1 


7,302 




7,302 






S 


so,es3 


13,381 


10,311 


3,009 




3 


37,763 


17,110 


12,583 


2,277 




t 


67,807 


20,014 


14,452 


1,864 




B 


80,000 


22,193 


10.000 


1.518 




a 


10S,G5I> 


£3,560 


17,258 


1,258 




7 


137,770 


24,220 


18,353 


1,005 




8 


162,770 


SG,000 


19,090 


613 







176.910 


24,140 


19,657 


501 




10 


200,000 


23,090 


20,000 


313 




u 


221.070 


21,670 


20,162 


152 




12 


241,830 


20,150 


20,162 






13 


250,910 


18,120 


19,905 




167 


14 


278,300 


10,350 


10,735 




260 


16 


291.110 


14,330 


19,407 




338 


le 


303,910 


13,830 


18,998 




411 


17 


316,810 


11,370 


18,513 




451 


le 


339,010 


9,830 


18,058 




184 


IS 


333,639 


8,599 


17,660 




198 


20 


311,133 


7,487 


17,058 




601 


29 


3:7,168 




13,010 






3D 


379,172 


' 8,66o 


12,619 




367 


39 


390,960 




10,007 






10 


390,911 


685 


9,771 




233 


49 


304,992 




8,001 






bO 


305,385 


'"aoa 


7,000 




155 


99 


3D9.38a 




4,034 






100 


399,401 


'ie 


3,994 




40 






r Thaqu 


iDiJty of air IJ— which 


would b« 








circulstioa if Ihu air 


only irn- 


InEnily. 


400,000 


i vCTsrf a. 

j from tl,.n 


sh&fta and ali-wn;$ 
to the poinla of the 


uSo^ 






Isplitlinp:. 


and reunion, rpBpcelW 


A^"" "' 



It will be seen, that owlng^ to the reduction in the amount of the con- 
stant reeistancee, the maiimum quantity of air in Table 1 is 400,000 
cubic feet per nMnute, under a Tentilating pressure, of 200 feet of air, 
compared with a maximum quantity of only 116,003 cubic feet per 
minute, arising from the same ventilating pressure, in Table 2, althoug-h 
the geneml workings of the mine, in the two cases, present exactly the 
Vol. hi.— Dec,, 1854. t 
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same amount of resistance; the greater quantity being entirely due to 
the lesser shaft and constant resistances ; and a comparison of the two 
tables will shew how much the quantities are affected by the supposed 
alteration in these resistances, when the workings are presumed to be di- 
vided into various numbers of equal parts, for separatq ventilation ; from 
whence the necessity of making the shafts and general air-courses in their 
immediate vicinity, of great sectional area, will appear, in order to pro- 
duce a good and economical ventilation. 

Adopting the same reduction in the amount of the shaft and constant 
resistances, and presuming that a constant ponder had been used to pro- 
duce ventilation, of the same amount as in Table S; viz., 37*046 horses' 
power, the quantities of air put into circulation xOi^ different numbers 
of equal splits, all other conditions being the same as in Table S, would 
be given by the formula [78], or by 

" 33000 X«7-046'* 



\rw\9 

076<07 



. ^ ^ 1 OOP OOP OOP 010 z I '<>H66o,<^>y^ x geiooo x 3u 

• 231600 X 100> + 000|WCI,000,818,8 + n^ x ^^ 

the results of which are shewn in Table 6. 
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TABLE 5. 

Table^ shewing the result of dividing- such a mine as that described, into different 
numbers of similar and equal parts, to be ventilated by separate currents, under 
a constant power. 



No. of 

equal 

currents 

or splits 

of air. 

A 


Total quan- 
tity of air 
circulating' 
per minute, 
in cubic 
feet. 

B 


Increase 

in the 

quantity by 

each split i 

added. 

C 

1 


Quantity 

of air 

in each 

split or 

current. 

2> 


Decrease 
of the 

quantity 
of air 

in each 
split. 

B 




J 
2 
8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


16,217 

32,404 

48,500 

64,420 

80,000 

95,088 

109,510 

123,153 

185,790 

147,360 

157,840 

167,250 

175,500 

182,790 

189,260 

194,785 

199,570 

203,700 

207,275 

210,366 


V6',187 

16,096 

15,920 

15,580 

15,088 

14,490 

13,643 

12,637 

11,570 

10,480 

9,410 

8,250 

7,290 

6,470 

6,525 

4,785 

4,130 

3,675 

3,090 


16,217 
16,202 
16,167 
16,105 
16,000 
15,848 
15,644 
15,394 
15,082 
14,736 
14,349 
13,937 
13,500 
13,056 
12,617 
12,174 
11,739 
11,317 
10,909 
10,518 


• • . • 
15 
35 
62 
105 
152 
204 
250 
308 
346 
387 
412 
437 
444 
439 
443 
435 
422 
408 
891 




29 

30 


225,150 
225,850 


* *700 


7^764 
7,628 


• # • • 

236 




39 
40 


230,110 
230,377 


*"267 


6,900 
6,769 


• • • • 

141 




49 
50 


231,965 
232,080 


' 'll5 


4,784 
4,641 


• • • . 
93 




99 
100 


233,681 
233,688 


7 


2,360 
2,337 


.... ^ 
23 


Pt 


Infinity. 


233,921 


When the air does not pass beyond 
the splitting point. 


i 



With reference to Tables 2 and 4, where the Tentilating pressure employed 
is supposed to remain constant; the consumption of fuel would be nearly 
proportional to the quantities of air exhibited in the tabled as circulating, 
in the coliunns marked By because if furnace ventilation were employed, 
the increase of temperature required to be imparted to the aii* to maintain 
a constant ventilating pressure would be the same ; but the unities of 
heat; and consequently the consumption of fuel required to effect this^ 
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would be nearly proportional to the quantity of air to be heated; the only 
reason for a deviation from this^ being alterations in the loss by cooling in 
the shaft; &o. ; and if, on the other hand, engine power were employed, 
the pressure bemg constant, the power itself would require to increase 
with the velocity of the air, and the consumption of fiiel would increase 
in the same proportion. 

In Tables 3 and 5 the consumption of fuel may be regarded as being 
constant, because since the power is constant, the ventilating pressuro 
multiplied by the velocity of the air must be constant ; any increase in the 
quantity of air requiring to be heated by a furnace would, theroforo, be 
accompanied by a proportionate decrease in the pressure, and consequently 
in the heat or temperaturo required to be imparted to it. If engine power 
were employed, then since the power is constant, the ccmsumption of fuel 
may be regarded as being so likewise. 

The resistances in the shafts and air-ways traversed by the undivided 
current, are, in Tables 2 and 3, taken at amounts not widely differing from 
cases met with in mines, so that these tables may be regBrded as giving 
a more ordinary general view of the benefits arising from splitting the air 
into equal parts, than Tables 4 and 6, where these constant resistances 
have been presumed to be of unusually small amount, fiur the mere pur- 
pose of shewing the desirableness of reducing them to the lowest practi- 
cable amount. 

In Tables 3 and 3, the constant resistances represented by 

281 600 A* + ^> ^^'^ probably &ir representatives of these resistances 

as they frequently occur in practice; being, in fact, equal to one-half of 
the resistances which arise from those workings which we have supposed 
to be capable of division, for the purpose of separate ventilation ; and, 
consequently, equal to one-third of the total resistances, when we sup- 
pose the air to be divided into 6 equal splits. 

This conclusion is supported by the case of Hetton Colliery, as alluded 
te by Mr. Wood in his Paper on the Relative Value of the Furnace and the 
Steam Jet; where we find that when the shaft temperatures were very 
high, which would probably cause these resistances to assume an undue 
proportion to the total resistances, they formed, in one instance, 75 parts 
out of 116 of the resistances of the air-ways, and 96 parts out of 128 in 

75 
another case : that is to say, in the former case ■ ,q^ ■ of the total ven- 

96 
tilating pressure ; and ggg of Aat pressure, in the latter case; where 
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a high upcast temperature would probably tend to make these proportions 
unusually great; while this would be further promoted by the general 
resistance of the mine itself being exceedingly small^ as may- be seen in 
(28). The following Table shews the cases in question. 

TABLE 6. 

Table, ehewing the pre#8ur«*8 expended in producing^ yentilation, in two experiments at 
Hetton CoUiery ; and the Bame, as allowed for in Tables 2 and 3, in this memoir. 





Average 

Tempermture of 

SbafU. 


Quantitiea 

of air per 

minute, 

in cubic 

feet. 


Preaeure*, ezpresaed in feet of air column, of the 
Temperature of the Down-catt Shafts. 


Velocity 
of the 
air in 
the Up- 
cast 
Shafts, 
in feet 

per 
minute. 


Ctonera- 
ting the 
Velocity 
at the 
top of 
tbe Up- 
cast 
Shaft. 


Over- 

coaning 
there- 
sialanoes 
of the 
Shafts 
and Air- 
ways 
near 
them. 


Sum of 
DSfE. 


Overcom- 
tbe resis- 
tances In 
the divided 
Air-ways. 


Total 

TentUaUog 

Pressure, 

being the 

sum of 

FSfO. 


Down- 
caitt. 


Up- 
cast. 


A 


B 


C 


2> 


E 


F 


G 


H 


/ 


Uetton, 
1st case. 

Hetton, 
2nd ease 

Table 2, 
5 SpUts. 

Table 3, 
5 dpHU. 


\ 43*»-5 
1 43«-6 

y • . • . 
J • • . . 


178« 
211*» 
. • • . 
• . . . 


211,193 

226,176 

66,667 

70,844 


10-43 

12-37 

1-92 

2-17 


64*61 
84*18 
64-75 
7312 


75-04 
96^55 
66-67 
75-28 


115-27 
128-45 
133-33 
150-57 


190-31 
225-00 
20000 
225-85 


29-16 
3267 

nil 

11-81 



In the first of the above experiments or cases at Hetton Colliery, the sum 
of the pressures due to the final or upcast shaft velocity, and to the re- 
sistances of the shafts and principal air-ways extending from them to the 
point where tbe gauge was fixed, was '651 of the total ventilating pres- 
sure, and, in the second case, it was *752 of the total ventilating prea^ure ; 
being probably a larger proportion of the pressure producing ventilation 
in the latter than in the former case, owing to the greater amount of 
expansion in the air in the upcast shaft in the latter than in the former 
case, arising from the higher temperature prevailing in the furnace drift 
and in the upcast shaft; as the resistances of a frictional character 
probably increase with the square of the velocity, quite independent of 
any change in the density of the air, so long as it exists imder the same 
barometrical pressure. 

(52.) In what has been stated relative to the effects of splitting the 
air in a mine, all the splits have been presumed to be of equal amount, 
both as to quantity of air, and to the extent of workings ventilated by 
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tbeni; which conditions are most favoumble to the increase of ventilation, 
but are seldom or never fully attainable in mines. 

In order t^ show the effects of splitting the air in mines, into currents 
of different amounts, ventilating workings differing in extent and resist- 
ances, let us take the same mine which we have made use of in con- 
structing Tables 2 and 3, where the constant resistances are taken at an 
amount not unlikely to be met with in practice; and let it be presumed 
that into whatever number of divisions the 50 miles[]of galleries are con- 
ceived to be divided for separate ventilation, each of the currents, splits 
or branches from, and also reunites to, the general or main current at 
the same points. This supposition, in the mine we have supposed, in- 
volves the necessity of the pressure required in each of the separate 
currents, being equal to each other, as the air will naturally divide itself 
in such a manner as to suit this condition. In general, it may be pre- 
sumed, that tbe quantity of air in each sph't^ should be proportional to 
the length of the galleries allotted to it for ventilation, and we will 
therefore adopt this proportion in the present illustration, involving the 
necessity of the resistances offered by the whole of the routes, excepting 
tbe lono;est one, being so artificially increased, by regulators or con- 
tractors placed in them, as to make the expenditure of pressure in each 
of the shorter routes as great as that in the longest one, even although 
the air in them is less in amount, as their length is shorter than the 
longest route ; and, under these circnmstances, it is evident that the 
ventilation will be less effectual, on the whole, than if the splits had been 
equal and no artiticial resistances had been created, seeingthat into whatever 
number of splits the air is divided, all will be throttled excepting the 
largest one. 

Adhering to the notation already adopted in discussing the effects of 
splitting the air in a mine, and in addition letting 

Ij, Ij, Is, &c., represent the lengths of the separate divisions for 
distinct ventilation, the longest one being represented by Ly 
and letting 

qi, q., qa, &c., represent the quantities of air circulating in these 
divisions, respectively; that in the longest and uncontracted 
division being denoted by §, then we have 

L = Z 4- 1, 4- 1, 4- 1„ &c [79] 

and also 

Q=C 4- qi 4- q* + q« &0 |80] 
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and we have already taken in the supposed mine 
M=-000,000,014,568,4 
A=100 

k= -000,000,030,303 
L=264,000 
c = 30 
a = 40 
and P =200 

giving, as the quantity of air before splitting, or when n=l. 



Q 



200 



1 •000,000,030,303 X 264,000 X 30 
•J 831.600X100* + 000.000.014^.4 + ^^^^ 



=7,302 cubic feet per minute, as before found. 
Before splitting the air the pressure due to the frictional resistances of 
the mine, lying beyond the points where the air is divided and again 
reunited, respectively, is expressed by 

^-^(23i;^' + ^) t«^J 

where H is the specific resistance of the downcast and upcast shafts, 
furnace, furnace drift, and united air-ways, where the air is not split. 

If we now conceive the passages of the mine lying beyond the points 
of division and reunion of the currents of air, to be divided into distinct; 
parts for separate ventilating currents, as before stated, and that artificial 
obstructions or regulators are introduced into each of the routes, excepting 
the longest one, so as to reduce the quantities of air circulating in such 
routes, until the quantity in each becomes proportional to the length of 
its own route which it is destined to ventilate ; and if by ibfwe denote 
the specific resistance of the longest route, by L its length, and by Q 
the quantity of aur circulating in it, in accordance with the notation 
indicated, 

^-(mmA'-^^)^'=^^ [82] 

but since we have presumed the quantities Q, q^, q^, qa, Ac, to be pro- 
portional to Z, li. Ill, Ij, &c., respectively, the lengths they have to ven- 
tilate, we get 

Q : L :: Q : L :: q^ : I, :: q, : l, :: q, : l„ &C [83J 

and bence 

«=Q-X -184] 



uo 

and by substituting this value of Q in [82], we get 

V-( 1 +il)Q>=Q'^M [85] 

V 231.600 A" ^ J^ ^ If ^ ^ 



231,600 A.' 



and hence 



= Q«( 1 + U + ^m] [80] 

( 281.600 A» L» 5 ' ^ 



and 



Q = 



^l 231,600 A' 






[87] 



After finding the value of Q by [87], it will be easy to find the values 
of the separate currents Q, q^, q„ q,, Ac., because by [84], 
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In the case in hand, the specific resistance Jfwill be r~ > and hence 

a 

^* = -^ m 

as the air-ways are supposed to have an uniform area and perimeter of 
section throughout; so that in this instance, 

P 



Q = 



ITZTT- f^^^ 



231,600 A« ^ ^ L« a» 

Applying this formula to the mine which has been supposed for example, 
as in Tables 2 and 3, where the shaft resistances are greatest; if, in the 
first place, we assume the pressure to remain constant, as in Table 2, at 
200 feet in height of air column ; and suppose the air to be divided into 
two currents, one of the routes being half the length of the other, and 
one of the currents, in like manner, being equal to one-half of the other, 
to circulate in the routes to which they are respectively proportional, we 
get 



Q = 



200 



I ~ ZT^Z. ^0()0;000,030.303 X (26400 X I)' X 80 
, 231,600X100^ + -000,000,014,568,4 +— ^ 264,6(^» x 403 ^ 

= 13,096 cubic feet of air per minute ; whilst by Table 2, we see that if 
the routes had been of equal length, and aired by equal currents, so as to 
have required no regulators, the quantity of air in tlie two currents would 
have been 20,328 cubic feet ; so that we only obtain an increase of 5,808 



141 

on the original quantity before splitting, instead of an increase o{ 13,040, 

as is stated in Table 3, to result from the splits being equal to e.ich other. 

The quantity of air in the longest route would in tliis c«ise be 

. 7^ <^ X 13,090 = 8,731 cubic feet; the quantity in theshoi-ter route 

being .. . ^ x 13,096 = 4,365 cubic feet per minute. See [8S]. 

It may be seen that instead of using the absolute lengths of tijc routes, 
in these calculations, quantities proportional to them are used, but as they 
only occur in their ratios, this will not affect the correctness of the results. 

If we next conceive the mine to be divided into 3 parts, the lent^ths of 
which, and the currents of air traversing them are respectively proi>or- 
tional to the nimibers 1, 2, and 3 ; then 

'*-J(.000.(KH,,000.431.6+m000.014,568.4)V.222;222:^g^ 

= 80,333 cubic feet of air per minute, whilst by Table 2 it appiMus that 
if the three routes had been of equal length, and aired by equal curr(»nts, 
80 as to have I'equired no regulators, the quantity would have been 30,038 
cubic feet, instead of only 20,333 cubic feet } even under the same ven- 
tilating pressure. 
The quantities of air in each of the routes would be, 

_ _ _ 3 X 20,uO3 t r\ t n/% t • /• 

In the longest route 1 4- 2 + 3 ^ 10»16o cubic feet. 

T t. i_ 2 X 20,333 ^„„^ ,, 

In the next shorter route. . ^,— r-Q-j_—Q = 0,778 " " 

X , , 1 X 20,333 ^^^^ ,, 

In the shortest route . . . .-i . q . o = 3,389 " " 

being quantities respectively proportional to the lengths of theii- ruutc-s. 
In a similar manner to the above, by the use of formula [90] to de- 
termine the gross quantity Q, and that of [88] to determine the vnlues 
®f ^> Qi> ^2> ^3> ^^'9 ^'^ following table has been constructed to show 
the quantities of air due to the constant pressure, ns the same mine is 
supposed to be successively divided into 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 
distinct parts for separate ventilation, always, howevpr, forming in tlieir 
lengths an arithmetical series, having for a common difference the length 
of the shortest route, and aired or ventilated by quantities of air directly 
proportional to their respective lengths ; in the column C, of the table, 
are exhibited the quantities of air which would have been put into circu- 
lation in each split in the same mine, presuming the same constant pres- 
sure had been emph)yed, and that the mine, instead of being divided uiid 
Vol. III., Dec, 1864. ^ u 
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ventilated in tho manaei stated, had been divi(le<l into equal numbers of 
splits, of equal lengths, and ventilated by currenta of equal amount, as 
in Table 2; a comparison of the quantities in columns i^ and £7 will show 
the great advanti^;oa of havuigp the resistances due to a given quantity 
of air, and the currents themselves, as nearly of equal amount as possible 
wheu the general requirements of all parts of the mine are nearly eqnal. 

TABLE 7. 



NuDibeT 
of gpIJU 
of air. 


QuanUtiei 
wben ibe 
BplitB ar« 
an arith- 
metics! 
BOries. 


Quanlilies 
wh*n the 

tbcBamo 
n numbf r, 
but all 
.-qml. 


loat by the 
ufthe 


cent, of 
BTcnter 


A 


B 


C 


-D 


E 


1 


7^88 


7,288 






2 


13.3S0 


20,3^8 


7,002 


341 


3 


20,333 


30,038 


15,705 


43i 


4 


2d,006 


52,121) 


2-1,123 


461 


ri 


36,051 


00,0li7 


30,016 


« 





4i,180 1 78,508 


34,388 


431 




53,131 1 87,708 


n.'),r.75 


401 


8 


60,680 04,052 


34,972 


sr 





GG,Ca7 1 90,652 


32.Rsr. 


33 


10 


72,9D1 1 103,280 


30,289 


201 



An examination of Table 7 clearly shows the groat increa.-'e which can 
tie mode in the qiiaotity of air ventilating a mine, having tlic resistances 
of the routes and the quantities of ati- ventilating tliem improperly pro- 
portioned ; by so altering them, that tho squares of the quantities of air 
in each route, taken from its entering, up to tlie time of its leaving the 
mine, multi|»lied into the specific resistances, shall be of equal amonnt in 
each, (presuming the mine to be free fi-om natuiiil ventilation, or, other- 
wise ullowing for its effects,) wbili; tlie quantities arc propoi'tioiied to the 
requirements of the i-outes they ventilul*, ailier tbe removal of all artifi- 
cial contractors or regulators. 

The table presumes the prcssui-e to remain constiint before and after 
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the alteration ; by furnace action it is probable that this would be nearly 
realized, in many cases, without altering the fui-nace, as the fuel con- 
somed may be presumed to be nearly proportional to the quantity of air 
passing over the same furnace. 

(53.) If, however, a constant porcery requinng a constant consumption 
of fuel, were employed befoi-c and after such a change in splittuig the air, 
the benefits resulting would not be of so great an amoimt. And if 
before the change of air, the shorter routes had an undue share of the 
air, the increase in the total quantity in the mine, by such a change, 
would not be so great as in the table, although the actual benefits might 
be so, from an improved mode of distributing the air. If, on the con- 
tiary, the shorter routes had less than their requirements, in proportion 
to the whole, the change would be of still moi'e Ijenefit than is exhibited 
by the mere quantities ; as, wliile they would be increased by such a 
change, in a higher ratio than is shown by the tables, ihe increased quan- 
tity would be moi'e properly distributed. 

By substituting in formula [90], the value of P in [77], and reducing, 
we obtain 

33000 H 



Q = 



, ''''''' ,,, iUl] 

;| 231,600 A} "*" ^^ "^ U a» 
the value of w being taken at '076407 as before. 

If we apply this formula to the mine already taken for example, and 
presume the ventilating power employed to be the same as in Table 8, or 
37*040 horse-power; and, in the first place, suppose the mine to be di- 
vided into two different parts, in the ratio of 1 to 2, for sej)arate ventila- 
tion, we obtain, 

t 3a,ooo X a7-04G 

1 -076407 

1 1 . ««^«^ ,..^.. •000,000,030,30;} X (-204000 x!{)=*xyu 

'4 231,600X10 0' + -000.000,014,568,4 + — l-^V-^-^V_ __^ 

= 24,220 cubic feet of air per minute which would pass through the 

2 
mine, i To of it in the route of which the length is 204000 x 

9 1 

- ^ ^ = 176,000 feet ; and ^ ■ >; of it in the other route of which the 

length is 264,000 x , ^ = 88,000 lineal feet ; that is, piesuming 

J. I A/ 

the necessary regulator to be introduced into the shorter routo. 

The following table has been constructed from the formula [01]. 
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TABLE 8. 



Xumber 

of 
Currenti. 


QuantitlM of air 

III th« entire mine, 

when the pplIU form 

tlie Rrithmf-tlciU 

ratio stated. 


Qnantiriet of air 

in ilitf entire mine, 

wlicii the apllfs are 

e<|'ial, as in 

Table 6. 


Dilni'eucMy 

lout hj the ln«|uality 

of the 

routes and apliti. 


Loes per 

cent, of 

greater 

quaatitiii. 




Cubic feet ^ minute. 


Cubic ftet V minute. 


Cubic feet V minute. 




1 


16,198 


16,198 






2 


24^0 


32,094 


7,874 


241 


3 


32,100 


47,011 


14,911 


811 


4 


39,737 


60,129 


20,392 


34 


5 


47,022 


70,844 


23,822 


33i 


6 


53,850 


79,042 


25,192 


32 


7 


60,130 


86,058 


24,928 


29i 


8 


65,804 


89,49S 


23,688 


26| 





70,844 


02,616 


21,772 


23^ 


10 


75,267 


94,860 


19,693 


20| 



A comparison of Tables 7 and 8 shows that in the case of the power 
employed being constant; the loss arising from the inequality of the ex- 
tent of workings and of the quantities of air ventilating them in the 
different splits, although of serious amount, is yet rather less than the 
loss arising from the same cause when the pressure per unit of surface is 
constant. 

When the power is constant, the ventilating pressure will be inversely 
proportional to the quantity of air in circulation in a given time, and 
when the pressui'e is constant, the power will be directly proportional to 
the quantity of air circulating in a given time. 

It is true, that by contracting the shorter routes to a less extent than 
has been presumed in constructing the tables, a larger quantity of air 
than is shown in the tables, would be found to circulate in the particular 
routes where such reduced contraction existed, but this would have the 
effect of increasing the amount of pressure absorbed by the general re- 
sistances in the shafts and undivided air-ways near them, and would, tx)n- 
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sequentl jy leave less pressure to overcome the resistances in the air-ways 
over which the splits are effected, and would thus reduce the quantity of 
air in the whole of the other splits. Since, in general, we may regard 
the quantity of gas given off, and the number of workmen employed in 
various parts of a mine, to be rather pro])ortional to the extent of gal- 
leries in each part or split, then in any other proportion, the principle 
which has been adopted for constructing the tables cannot but be re- 
garded as a legitimate one for a general illustration } notwithstanding 
which, it will doubtless often be proper to depart from the broad prin- 
ciple just exhibited, as these conditions will seldom obtain to the full. 

(54.) We may obtain a more full view of the effects of dividing the 
air into equal and unequal splits, the latter in the proportions already 
alluded to, by the following method. 

We have [73j for the pressure due to ventilation, when the splits are 
of equal amount, 

P = Q»{ 1 +M+ — J [921 

1 231600 A« n»a» ) ^ ^ 

and by \77], we have 

•076407 Q 
when w = '070407, as the weight of a cubic foot of the air in which the 
height of the ventilating column P is estimated; and by substituting this 
value of P in [02], we obtain the equation 

•076407 Q 1231000 A* n»a» > '" 

and hence 



jj_ -070407 
33000 



Q^{— i + M+lilL^} [94] 

1 231600 A« n»a») ^ "' 



by which we can calculate the number of horses' power which would be 
required to put any quantity of air, per minute, into circulation, in the 
example-mine alluded to in constructing Tables 2 and 3, so long as the 
whole of the splits are equal to each other both as to quantity of air and 
extent of gallieries. 
From [91] we obtain 

33000 1 231600 A« L«a» » ^^ 

whereby we can determine the horses' power required to circulate, in the 
same example mine, the quantity of G(jfiG7 cubic feet [m- minute when 
the mine is divided into splits, the routes of which are in an arithmetical 



U6 

progression as to length, having the common difference equal to the 
shortest route, and all, excepting the longest, being bo contracted as to 
render the air in each, proportional to the extent of the galleiies venti- 
lated by it. 

From theae formulte, as a basis, the following table Las been con- 
structed :— 

TABLE 9. 

Table, BlievinK tbe ventilating pm<Bur«s, eiprpeieil in feet of air oolumn, weig'liini; 
'076407 Iba. per culjio fool j and the number of borsea' power requiriHl to put tbe 
coDitant qiuintil; of 1>G,CG7 cubic feet of uir per mioute into circulallon, in the 
example mine, to which tublei 3, 9, (!, T, and 8, hear ruference ; both on the sup- 
potitlon of the dlTinione foe eepurnte ventilatiou Iwiu^ equal to each other, und 
T«nlilBledby equal quantitlea of air; and alio on the auppoeition of the length of 
gfaJleFies In the divieiaUR fonniii~ an arithmetical seriee, with a commoa diSerence 
equal to that of tht least dlviidDQ ; ventilated I17 ait in proportion to their reapec- 
tive lenfClhi ; effected byreg-ulaton; with tiienumberof cubic feetofalrcireulalcd 
by each lb. of ooal coniuoied by an engine, and by each bor«e-power per uianta. 
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10,733 


asac-o 


510-0 


26 


193 


10,733 


i>Ge&-D 


616-0 


30 


120 




a, 151 


3320 


CO-1 




1,004 


f.,005 


772-5 


164-6 


60 


431 




CSl 


1U5-0 


210 


031 


3,150 




332-0 


00-4 


201 


1,004 




3i7 


SO'Q 


100 


1,330 


0,003 


ijiaa 


174-9 


35-0 


381 


1,000 




sua 


ao-d 


O'S 


a.iflo 


10,TB4 


084 


105-6 


21-0 


cn 


3,160 
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i2"2 


4-4 


3,000 


14,907 


455 


70-3 




048 


4,742 




no 




3'fl 


3,738 


18,088 


337 


60-5 


10-0 


1,320 


0,602 




09 




31 


4,363 


21,706 


200 


33-6 




1,731 


8,053 




8U 


13-8 


2-8 


4,835 


34,125 


200 


30-0 


0-3 


£,100 


10,794 




83 


la-B 


S'O 


s.m 


a5.U14 


107 


35-8 


6-3 


2,aso 


13,043 




70 


12-2 


31 


5,453 


37,300 


144 


23-2 


1-4 


3,000 


14,997 


13 


re 


u-s 


a-1 


6,660 


38,308 


1E7 


lQ-7 


S'O 


3,391 


16,950 



An examination of Table will show the great reduction in tho 
pressure and power r(>qiijred for sending one and the eame quantity of 
air through a mine, which is effected by sphtting tho air, and likewise 
the great economy which it effects in the consumption of fiicl. These 
benelltt!, uiiaing from pplitting the air, it will be seen, are very much 
greater for eqnal numbers of splits, wlien they ai-e equal lo each other, 
than when they aro um-qual, and form an niithmotieal profjressioii of the 
character desci-ibcd. lu fact, we sec that for the same quantity of air 
sunt tlirowgh tlie same mine, the economy of |)resiiu-c per nnit of smfuce, 
power, iind fuel, is just the same for two equal, as it is for ihiee unequal 
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splits; for three equals as for five unequal splits; and for four equal, as for 
seven unequal splits ; and so on — it being* the same for six equal, as for 
eleven splits in aritlimetical pro^ssion, under the circumstances described 
in constructing the table ; the same economy being*, in general terms, 
only effected by unequal splits, when their number is only less than 
double the number of equal splits by unity, which are requisito to effect 
the same economy. 

In general we may continually increase the quantity of air circulating 
in a mine by dividing it into an increasing number of splits, while the 
power employed remains constant; yet there is a point beyond which, if 
this division or splitting of air were carried, the slow rate at which the 
air in each individual split would travel might give rise to great incon- 
venience, and possibly to danger itself, as it would allow gases to lodge 
in spaces left in the roof by falls of stone, and in excavations a little in 
advance of the openings effected for the passage of the air; and any 
sudden generation of gas might not be diluted so quickly as if the 
current travelled faster; besides, when a shot was fired by a workman, 
giving off smoke, it might be an inconveniently long time in getting carried 
beyond his fellow-workmen to leeward of him. 
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CHAPTER VI. 



Oeneral Cofuiderations relating to the Application of the T%eory of 
Ventilation towards gliding the Practice of it in Miiue-^the Imli- 
cations of Pressure Gauges. 



(66.) It would, perhaps, 8omr>times conduce to the better ventilation 
of mines, could we calculate^ before making any change of air, the exact 
quantities which would circulate in each of the principal and minor splits 
or divisions under any g^ven or assumed ventilating pressure, as it would 
enable us to compare the results of any number of proposed modes of 
dividing the air, which might be presented by the extent and position of 
the workings, and thus enable us to select and carry out that particular 
mode which would, under all the circumstances of the case, give the 
most desirable results The general laws recited in the first chapter of 
this memoir appear to contain the elements required for carrying this 
into effect, if it were possible to measure the dimensions of all the air- 
ways, and if we could determine the value of the coefficient of friction k, 
as due to each part of the same, by mere observation as to the natui*e 
and state of the internal surfaces presented to the moving air over their 
entire extent; to those at all acquainted with the ordinary condition of 
tlie air-ways in mines, and of their great extent and continually-varying 
contour of section, together with the frequent occurrence of inaccessible 
fallen air-ways, only used as auxiliary to others in an accessiMe state, 
and the leakage of air through goaves, dooi*s, and stoppings, not only 
will this proceeding appear to be a laborious operation, but in many cases 
absolutel}'' impossible. 

If, however, wo had a ready and easily-applied means of ascertaining 
the amount of resistance due to each air-way, and each part of an air- 
way, intended to be detached from or added to any other division after 
a proposed change of air, there would appear to be some chance of the 
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hwB of Tentilation being studied and made use of in the practical venti- 
lation of mines ; at least this is the hope indulged by the writer, in the 
belief that, in certain cases^ the result would be an improved ventilation^ 
with its accompanying effects on the health and comfort of the miners, 
and the longer duration of the perishable materials used in mines. 

The use of extremely-sensitive barometrical instruments, or pressure 
gauges, suggests itself as being the most likely mode of determining the 
amount of resistance to the circulation of air, offered by an air-way, or 
part of an air- way, without incurring the g^'eat amount of trouble, or 
encountering directly, the difficulties which present themselves in at- 
tempting to do this in the more obvious manner above mentioned. 

When an air-way, or part of an air-way under consideration, so returns 
upon itself that the two extreme ends of it are only separated by the 
intervention of a door or stopping, or at most by a distance of unven- 
tilated or dumb air-way on each side of such a door or stopping, the use 
of the ordinary water-gaug^, which has often been employed in recent 
experiments, would appear, at least, to involve all the principles required 
for detennining the amoimt of the resistances encountered by the air 
after passing one side of the stopping or dumb air-way, and up to the 
time of its reaching the other or return side of the stopping or dumb air- 
way in which the gauge is fixed ; when, however, the air-way or portion 
of air-way of which we wish to determine the resistance, does not retiun 
upon itself in the manner alluded to ; and for the purpose now in view 
this will perhaps often be the case i the water-gauge will no longer be 
applicable, as it cannot, under such circumstances, be applied to deter- 
mine the difference of pressure under which the air exists at the two 
ends of the air-way, or portion of air-way under observation ; and other 
means will require to be resorted to. Indeed, when we consider that the 
total amount of resistances encountered by the air, from its entering, up 
to the point where it leaves the mine, seldom exceeds two to three inches 
of water-gauge, representing a pressure of 10 to 15 lbs. per superficial 
foot, and that the parts of air-ways which may be put under separate 
notice for effecting changes of ventilation, may often not present resist- 
ances amounting to more than ten, twenty, or thirty per cent, of the total 
resistance offered by the mine, the displacement shown by a water-gauge, 
on a scale so short, would scarcely be observable ; particidarly when it 
is considered that many of the kinds of resistances indicated, decrease in 
amount, not simply as the quantity, but in the higher ratio of the square 
of the quantity of air traversing the passage, and the shorter the passnge 
Vol. III.— Dec., 1854. x 
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the more likely is the quantity of air to be small^ so that some instrument 
presenting a longer scale than a water-gauge, would appear to be desirable 
for properly effecting the object here under notice. 

And it would appear to be desirable that, if possible, the same in- 
stniment should offer the means of determining the difference of the 
pi*essure under wliich air exists at distant points in an air-way, beyond 
being applicable to the same purpose, (where an air-way may return upon 
itself,) in the same manner as the ordinary water-gauge. 

(56.) Before proceeding to offer any remai*ks as to the construction of 
such an instrument as that just alluded to, let us attend to the following 
remarks relative to what would be indicated by it— or by an ordinary 
water-gauge, when made to connect two parts of a connected air-way ; 
as it is believed that some doubts, if not misconceptions, have existed in 
reference to this. 

When any force is added to that by wliich air or gas is previously 
compressed, as, for instance, to its barometi'ical compression ; the result 
of such addition of force to the, previously, stagnant air, will be, that 
such air will be put into motion, or its degree of compression will be in- 
creased, or both of these effects will be produced in a partial degree, 
according to the circumstances in which the air, or gas, is placed, and 
the manner in which the foi*co is a])])lied. 

If the air or gas were confined in a close vessel, no motion of the air, 
in the ordinary sense, would be produced, but its compression would be 
increased to the extent of the force applied. 

If, however, the air to which such force was applied, were at liberty to 
move in a passage or air-way, only open at the ends ; on applying the 
force a genei-al motion of tlie air would be produced towards the opposite 
end of the air-way to that at which the force was applied, and, at the 
same time, some additional compression of the air would result, having 
its maximum amount at that end of the air-way to which the force was 
applied, and gi*adually diminishing in amount towards the contrary end; 
one portion of the force applied would produce motion alone, while the 
remainder of the force would only produce additional compi'cssion of the 
air, and no motion ; so that the entire amount of applied force admits of 
being resolved into two parts ; one as being equal to a force which would 
have produced the same amount of motion had the air been free to move 
unresisted, (except by its own inertia,) under its influence, instead of 
being confined to an air-way offering frictional and perhai)s other resist- 
ances to its motion; while the otlier, or remaining part of the j)ressure. 
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or foroO; would, where its maximum amount prevails, be exactly equal to 
the whole of the resistances presented to it by the entire extent of the 
air-way ; and the sum of these two forces, would, of course, be exactly 
equal to the total force applied ; the additional compression produced in 
the air, in any other part of the air-way, would be exactly equal to the 
resistances offered by the remaining* part of the air- way, travei'sed by the 
air after passing such point ; because motion, and not compression, would 
be the result of the applied force, except in so far as resistances existed, 
to offer the necessary re-action to compression ; so that the air, at tlie 
end of the air-way where the force is applied, would be compressed by 
the pressure due to the whole of the resistances existing in the entire 
length of the air-way, and also by the pressure required to create the 
final velocity with which the air leaves tlie exit end of such air-way, or, 
in fact, by the entire force applied, but reduced by the portion duo to the 
velocity of the air at the point where it is applied ; and this additional 
compression of the air would be found to decrease in amount as we fol- 
lowed its course through the air-way, by the exact measure of the pres- 
sure due to the resistances overcome in the parts of the air-way so 
traversed, so long as the sectional area, and consequent velocity of the 
air, remained the same ; the amount of tliis additional compression would, 
at each respective part of the air-way, be reduced by the pressure ab- 
sorbed in creating additional velocity of the air, in such parts as might 
have less area of section than that part at the outset ; and the additional 
compression would be increased by any amount of pressure arising from 
an increased area of section and consequent reduction of velocity, and 
therefore of the pressure absorbed by it ; and at the final or exit end of 
the air-way, the compression of the flowing air will not be at all increased 
over that of the medium into which it is discharged ; the motion of the 
escaping air absorbing the whole of the remaining force at this ])art of 
the air-way, seeing that, except in so far as resistances exist or are en- 
countered, to prevent motion, the whole of the applied force must result 
in the production of motion only. 

(57.) The excess of the force applied, over that which is expended on 
the resistances of the air-way, would have been sufficient to generate a 
continually increasing velocity in the air, had such increased velocity not 
been attended with an increased resistance, and had it really been 
applied to one and the same body of air, as in the case of a force applied 
to a solid body ; but, in fact, such excess is employed in generating 
motion in new and distinct quantities of air every moment, and not in 
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oTerooming fiictional or other resbtances of the like natorey in the case 
of mines. 

(58.) It is necessary to notice, particularly, that we have here been 
speaking, not of the absolute compression of the air in an air-way, but of 
the additional compression resulting from the application of a force pro- 
ducing motion in air previously acted upon only by forces which are 
equal in all directions, and so producing no motion in any direction ; 
because, if we commence at the end of an air-way at which such force is 
iqiplied, and traverse it in the direction pursued by the current of air, the 
absolute compression of the air as we proceed may increase or decrease 
to any extent, if the axis of the air-way is not all situated in the same 
horizontal plane, a]l descents tending to increase the barometrical com- 
pression of the air, and all ascents having the opposite tendency ^ not- 
withstanding which, the effect of the additional force being applied, will 
have resulted in increasing the barometrical compression of the air in 
each respective pait of the air-way, beyond its amount in the same part 
of the air-way before such force was applied, to the exact amount of the 
resistances encountered (owing to the motion resulting from its applici^ 
tion), in all the subsequent parts of the air-way, including that due to 
the generation of the final velocity with which the air is ejected from the 
exit end of the air- way, but reduced by that portion which, at the point 
of observation, is absorbed by the motion or veloci^ of the air at the 
point itself; and the gradual loss of this excess of pressure in traversing 
an air-way, will at each point be the measure of the resistances, as due 
to the quantity of air passing, encountered in the preceding parts of the 
air-way. The loss of absolute barometrical pressure, where it occurs in 
traversing an air-way in the direction pursued by the air, will evidently 
embrace, as well as the resistances already alluded to, that which is due 
to the ascents in the air-way, or, in other words, the force necessary to 
overcome the gravitation of the air, in all the ascending parts of the air- 
way which have been traversed, reduced however in amount by the 
descents, or by the gravitation of the air in all the descending parts of 
the air-way, whether such ascents or descents are vertical or inclined— 
the gravitation of the air being calculated as due to the amount of ver- 
tical ascent or descent, at its actual density in each part. But when, on 
the other hand, we find that in going from one point in the air-way to 
another point nearer to its exit end, the absolute barometrical compres- 
sion, instead of being less, is actually greater than the pressure at the 
former point, we must conclude that the gravitation of the air, in the 
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intervening descending pforts of the air-way, exceeds the gravitation of 
the air in the intervening ascending parts of the air- way, and that, by 
an amount representing a greater pressure than that which has been 
expended upon the intervening resistances, due to friction, angles, £0., 
and even including any expenditure of pressure due to the generation of 
a higher velocity at the second than at the first point, where an increase 
of velocity arises simply from the area of the section of the moving air 
being less at the second than at the first point. 

(50.) As the pressures arising from ascending and descending parts of 
air-ways, do not, like the pressure due to frictional resistances, vary as 
the square of the quantity of air circulating in a given time through the 
same air-way, any suck pressures will require a distinct and separate 
consideration in all our investigations, where they may exist; the amount 
of any such pressures, whether on the whole assisting or retarding the 
drcolation of air, will easily be determined by calculating the pressure 
due to gravitation in all the ascending parts of an air- way, and the con- 
trary pressure, due to the same source, in all the descending parts of an 
air-way, by observations on the temperature and barometrical compres- 
sion of the air in each part, together with a knowledge of the levels of 
the air-way. 

(80.) The principles last alluded to, lead to the conclusion that if we 
had sufficiently sensitive instruments wherewith to observe with readiness 
and accuracy the amount of minute differences of barometrical pressure, 
as prevailing in different parts of an air-way, in which an observed 
quantity of air is circulating at the time of ascertaining such differences 
of pressure, we could, (by separating fi^m the observed differences of 
pressure, the pressures arising from the gravitation of the air in the as- 
cending and descending parts of the air-way intervening between the 
points of observation, and allowing, if necessary, for different amounts of 
{wessure absorbed, or rendered latent, so to speak, by the velocities of the 
current at the two points of observation,) ascertain the precise amount of 
pressure expended upon the resistances due to friction and angles or turn- 
ings in the intervening air-way ; which resistances, as also those due to 
the generation of velocity, being proportional to the square of the quan- 
tity of air circulating in a given time, in the same air-way, would only 
require to be divided by the square of the quantity of air circulating in 
the unit time, at the time of the observations, to (dve the specific resist- 
ance of the intervening air-way, as due to the unit of air circulating in 
the unit of time, and this may embrace the pressures due to velocity, or 
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not^ as may be desired, and such specific resistance being multiplied by 
the square of any other quantity of air, would give the pressure required 
to overcome the same kinds of resistances in the same passage, as due 
to the circulation of that quantity of air through it, per minute, or 
other unit of time made use of. 

(61.) In order more clearly to show what will, in the remainder of 
this memoir, be intended by the term specific resistance of an air-way 
or mine, let it be presumed that in the case of Hetton Colliery, as al- 
luded to in Table 6, there existed no sources of natural ventilation, or 
that the air-ways were either all situated in the same horizontal plane, 
or any ascents or descents were traversed by air of the same density, then 
in the Ist case there cited, we have, from columns C and O, a specific 
resistance of '000,000,002,684,4 and in the 2nd case this specific resist- 
ance appears to be '000,000,002,633,3, found by the proportions. 

Cnbic P^et. Lineal Feet Cub. Ft. 

As 211,193' : 116-27 :: 1« : '000,000,002,584,4 
and 

As 226,17C« : 128 46 :: 1* : -000,000,002,533,3 

as due to the workings only, exclusive of the shafts, £c., the difference 

in the two cases being about 2 per cent., an amount so small that it might 

arise either from errors of observation, or from the existence of natural 

sources of ventilation, not varying with the square of the quantity of 

air in circulation. 

By a similar proportion we will find that the resistances in the work- 
ings only, of the example mine alluded to in Tables 2 and 3, exclusive 
of those of the shafts and undivided air-ways near them, are such as to 
give, when divided into 5 equal splits, a specific resistance, amounting to 
'000,000,029,999, or about 12 times as great as in the case of Hetton 
Colliery, already cited. 

(62.) By employing sufficiently sensitive instruments we could evi- 
dently determine the specific resistance of any given air-way, part of an 
air-way, or series of connected air-ways, or even of the entire workings 
of a mine, quite independent of the quantity of air circulating at the 
time, which might be greater or less, depending upon the energy of the 
furnace or ventilating power employed at the time of observation, and so 
be able to detect and measure the amount of any improvement or ob- 
struction which from time to time might occur in the same. 

If, for instance, after having observed simultaneously the difference of 
barometrical compression, under which the air existed at the two extreme 
ends of any aii'-way, or part of an air-way, to which our observations 
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might be confined^ and also the quantity of air circulating' at the time 
of obsenration, tog'ether with the amount of pressure arisinpf out of the 
gravitation of the air in the different ascending and descending parts of 
the air-waj; where any such exist; we found that the s})ecific resistance 
derived from calculations based upon these observations, amounted to a 
greater or less quantity than we had found by a similar series of obser- 
vations; at some earUer period, we would be certain that in the former 
case, the air-ways were either in a worse condition or more extensive 
than before, and in the latter, that obstructions had been removed, or 
the run of the air shortened so as to lessen the specific resistances. 

This, however, is but one of the uses to which the means of readily 
and correctly determining the differences of barometrical compression 
of small amount, existing in different parts of an air-way, might be ap- 
plicable, because, as has already been observed, if by means of a series 
of such observations, taken in suitable parts of the air-ways of a mine, 
we determined the specific resistances of each of the intervening parts 
of the air-ways, we would be enabled to calculate the quantities of air 
which would circulate in each split, after any proposed change of air, 
and, in fact, be able to choose that particular an*angement out of any 
number of )K)ssible or convenient ones, which might be calculated to give 
the most satisfactory resiilts as to ventilation. 

(63.) Applying the principle, that force can only produce compression 
in so far as resistance to motion exists, and that motion can only ensue 
in so far as the applied force is not employed in overcoming resistances, 
to the elucidation of the meaning of the displacement of the pressure- 
gauge, connecting two points of an air-way, or of the differences of ba- 
rometrical compression between such t^'o points ; and for the present 
confining our attention to that portion of the air-way extending from 
what we shall term the 1st point of observation, being tliat end of the 
air-way first reached by the current ; to the 2nd point of observation or 
the end of the an*- way, or j)ortion of air- way, reached by the current 
only after traversing the whole of the air-way, or i)ortion of air-way, 
under consideration ; we will perceive that any excess of barometrical 
compression of the air, at the first, over that which j)re vails at the second 
point of observation, will be composed of the following positive pressures — 

1st. That which is required to overcome the resistances arising from 
friction, angles, &c., in the air-way extending to the second point 
of observation from the first jwint. 

2nd. This excess at the fii*st point will be enhanced by the pressure 
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required to overcome the grayitation of the air in all the aftcending 
parts of the air-way extending between the two points of ob- 
servation. 
3rd. The excess of pressure at the first over that at the second \xiint 
of observation^ will further be increased by the entire pressure re- 
quired to generate the velocity of the air at the second point of 
observation. 
But the excess at the first over that at the second point of observation 
will be reduced in amount by the following causes^ to the extent of 
each : — 
1st. The gravitation of the air in all the descending parts of the air- 
way extending from the first to the second point of observation, 
as these will tend to increase the compression at the second point 
of observation, or to overcome resistances, or generate velocity in 
the air, being, in &ct, a source of pressure in favour of ventilation. 
2nd. By the force resulting, not in ])roducing pressure, but motion at 
the first point of observation, being the entire pressure due to the 
velocity at that point. 
It will be perceived that when the forces just named as tending to 
Induce the excess of pressure at the first over that at the second point of 
observation, happen to exceed in amount the pressures or forces tending 
to increase such excess, the result will be that the barometrical compres- 
sion at the first point of observation will be less than that at the second 
point of observation ; and if the two points are so situated as to admit of 
being connected by a wafer or other pressure-gauge of a similar char- 
acter, the fluid will be depressed on the side exposed to the second, and 
elevated towards the side exposed to the first point of observation. 

In general, however, when speaking of the indications of the gauge 
being increased, it must be understood to imply an increase in the de- 
pression of the fluid exposed to the air at the first point of observation, 
and in the elevation of tijat exposed to the second point of observation ; 
and in calculations, when the pressure at the firat point of observation 
happens to be less than at the second ])oint of observation, if we merely 
change the sign of the displacement from positive to negative, the for- 
mula will apply as before. 

(04.) That a change of velocity in the air at the second, from that 
existing at the first point of observation, does, as has been stated, give 
rise to changes in the barometrical compression of the air, requiring 
consideration when estimating the indications of the gauge, resistances. 
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Aa, may perha))3 appear from considering that when the velocity of tlie 
air at the second point of observation exceeds that prevailing at the first 
pointy then^ since the pressure required to generate the increase of velocity 
must have acted in compressing the air at the first point of observation, 
or the entrance side of the gtiuge, while, from the increased velocity at 
the second point having ensued, such force, at that ]M)int, no longer pro- 
duces compression — for the same force cannot result in both motion and 
eompreHsion at the same time — so that the force producing the increase 
of velocity will not produce any pressure at the second point of observa- 
tion, and consequently the barometrical differences or displacement of 
die gauge fluid, as the case may be, if positive, will be increased by the 
force due to such increase of velocity, or decreased to the same extent, 
if negative. 

On the other hand, when the velocity at the second iwint of observa- 
tion is less than the velocity at the first point of observation, it follows 
that the positive indications of a gauge connecting the two points, or, 
what is the same, the excess of barometrical compression at the first, 
over that at the second point of observation, will be less than the real 
amount due to the other causes affecting it, by the excess of the pressure 
due to the velocity at the first point of observation over that at the 
second point ; because the amount of force due to such excess will 
have been given out as the velocity became reduced, in the form 
of momentum of the air, carrying it over resistances encoimtered 
in the air -way lymg between the points of observation, although it 
would not have existed as observable pressure at tlie firet point ; it being, 
BO to speak, rendered latent, or resulting only in motion at that point. 
When the indication of the gauge is negative, or when the barometiical 
compression of the air is less at the first than at the second point of ob- 
servation, the amount of negative indicitions will be increased from the 
cause under consideration. 
{66.) Adopting the foUowiri^ notation : — 

Z?Q=the height required in an air-column of some standard density, 
(say that of the average of the air in the downcast shaf^,) so that 
the pressure per unit of surface of area, producod by its weighty 
may be exactly equal to that produced by tlip actual downcast 
colimin of air, on equal areas; including, in siich downcast column, 
the depth of the downcast shaft, and also, (when the top of tin* 
upcast shaft is situated at a higher level than the top of tln^ 
downcast shaft,) the column of air extending upwards, from th*.' 
Vol. III.— Dec, 1854. v 
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top of the downcast shaft to the level of tiie top of ilie upcast shaft. 

U^^the length in feet, recfuired in a vertical column of air, of the 
density adopted as a standard, that it mav be capable, by its 
weight, of producing a pi'essure equal to that arising irom the 
upcast column of air, on equal areas ; including, in the upcast 
column, not only the air in the upcast shaft, but also, (when the 
top of the downcast shaft happens to be situated at a higher level 
than the top of the u])cast,) the column of air extending upwards, 
from the top of the upcast shaft to the level of the top of the 
downcast shaft. 

/>,=:the head of air-column, of standard density, equal to the pro- 
duction of pi'essure, of the same amount on equal areas, as that 
arising from all the descending parts of the aii*-way extending 
from the bottom of the downcast shaft to the iirst point of 
observation. 

L^^the head of air-column, of standard density, due to the ascending 
parts of the air-way extending from the bottom of the downcast 
shaft to the first point of observation. 

/>2=the head of air-column, due to the pressures arising fix)m the 
gravitation of the air in the descending parts of the air- way, 
extending from the first point to the second point of observation. 

U.i^=the head of air -column, of standard density, equal to the pressure 
arising from the gravitation of the air in the ascending parts of 
the air-way extending from the first to the second point of 
observation. 

/>;^=thc hoad of air-column, of standard density, capable of producing, 
by it^ weight, a pressure on equal areas, of the same amount as 
that due to the gravitation of the air in the descending parts of 
the air-way extending from the second point of observation to 
tlie bottom of the upcast shaft. 

f/,= tlic head of air-column, of standard density, capable of producing, 
by its weight, a pressure of the same amount, on equal areas, 
with that ai'ising from the gravitation of the air in all the ascending 
parts of the air-way extending from the second point of observa- 
tion to the bottom of the upcast shaft. 

The descents and ascents?, in all the preceding cases, being reckoned as 
thuy occtir in the direction pursued hj tlie circulating current of air, 

Tlu> 1st point of o))servation must be considered as existing at the 
|M»iat wlicro :ui un ventilated gallery in which a pressure gauge is fixed. 



159 

joins the air-way on the side nearest to the downcast shaft ; and the.l2iid 
point of observation must be considered as situated at the point where 
the opposite end of such unventilated passage joins the air-way, on the 
side nearest to the upcast shaft, in all cases where the ^uge is used, in 
the ordinary way, by being inserted in a stopping or door situated in 
such a passage, extending from the 1st to the 2nd point of observation ; 
and the areas and velocities, with the pressures required to generate them, 
must accordingly be taken as they exist at these resjHJctive points : — and 
the pi'essure due to the gravitation of the air in ascending and descending 
parts of the air-way, must, on the same principle, be considered only as 
they happen to exist in the air-way itself, as these arising from die gra- 
vitation of the air in ascents and descents occuri-ing in the imventilatcd 
passage, although they will act u{)on the gauge, will not alfect the pressure 
required to circidate the air ; and hence, when a gauge is used in such a 
passage, its indications will require to be corrected for the effects which 
may arise from this source, in order to anive at tlie real diffeivnce of 
pressure between the air at the 1st, and that at the Snd i>oint of observa- 
tion : this will be effected by deducting from any excess of pressure indi- 
cated by the gauge, as existing on the side next to the 1st, over that 
existing on the side next to the 2nd point of observation, the pressure 
arising from the gi*avitation of the air in the descents which occur in 
traversing the unventilated passage from the 1st towards the 2nd iwint 
of observation ; and by adding to such indicated excess, the pressui*e due 
to the gravitation of air in all the ascents occumng in the same direction, 
throughout the entire length of the passage. When the gauge indicates 
an excess of pressure in favor of the side ex{>osed to the 2nd point of 
observation, it will, of course, be necessary to correct it^ indications bv 
adding for the descents, and deducting for the ascent^, reckoned as they 
occur in such passage, in the direction from the 1st towards the 2nd point 
of observation. Where no such unventilated passage connects the two 
points of observation, or is no^made use of in determining the difference 
of pressure between the two points, of course the corrections indicated 
above do not require to be made. 
Pi = The height of air column, of the density taken as a standard, recjuired 

to overcome the resistances due to friction, contractions, or angles, 

in the downcast shaft. 
Pj = The height of air column, of standard density, due to the resistances 

of the same character, in the air-way extending from the downcast 

shaft to the 1st point of observation. 
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P = The head of air column of standard density^ required to overcome 
the resistances due to friction, angles^ £0.^ in the portion of air-way 
under notice, extending from the 1st to the 2nd point of observation. 

Pj = The head of air column required to overcome the same resistances, 
in the air-ways extending from the 2nd point of observation to the 
bottom of the upcast shaft. 

p^ =3 The head of air column due to the resistances of the same character, 
in the upcast shaft. 

ai = The area in superficial feet, of the air-way at the 1st point of obser- 
vation. 

a, = The area in superficial feet, of the air-way at the 2&d point of obser^ 
vation. 

A = The area in feet, at the top of the upcast shaft. 

B = The head of air column, of standard density, due to the barometrical 
pressure at the top of the upcast or downcast shaft; that is, at the 
top of the shaft, situated at the highest level. 

Q = The cubic feet of air per minute, circulating through the portion of 
air-way lying between the two points of observation \ the same 
quantity of air being presumed to be passing each of the two points 
of observation. 

According to what is stated in (63), we shall have for the excess of 
pressure at the first point of observation, over that existing at the 2nd 
point of observation, — and when the negative parts exceed the amount of 
the positive parts of the expression, the excess will indicate the pressure 
by which the air at the 2nd point of observation, exceeds in compression, 
that at the 1st point of observation :— 

^ ^ ^«"*" 231600 a; " ^" " 231600 a! ^^^ 

(66.) By the same mode of reasoning we find that the absolute baro- 
metrical compression of the air at the first point of observation will con- 
sist of, — 

1st. The barometrical compression of the air at the top of the higher 
of the two pit tops, the upcast or the downcast. 

2nd. The gravitation of the air in the downcast shaft. 

3rd. The gravitation of the air in the descending ports of the air-way 
extending from the bottom of the downcast shaft to the first point 
of observation. 

The sum of the above would however requii-c to be reduced by, 
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Ist. The resistances of a frictional character, angles, and contractions, 
in the downcast shaft. 

l^ud. The same kind of resistances in the air-wajs extending from the 
hottom of the downcast shaft to the first point of observation. 

8rd. The gravitation of the air in all the ascending parts of the air- 
way, from the bottom of the downcast shaft to the first point of 
ol)ser\'ation. 

4th. The pressure absorbed by, or resulting in, the production of 
motion at the first point of observation ; it being supposed to 
Stan from a state of rest at the top of the downcast shaft. 

The pressure at the first point of observation will therefore be ex- 
pressed by, 

2? + 2>„ + A-Pi-P.- f^.-23&r! C^^'J 

(67.) By considering the same principles w^hich have been recited and 
applied to determine the expressions [96] and [97] ; but in the opposite 
direction, commencing at the top of the upcast shaft ; wc shall have for 
the absolute barometrical compression of the air at the second point of 
observation ; — 

1st. The barometrical compression of the air at the level of the top 
of the higher of the two pit tops. 

Snd. The pressure, in an air-column of standard density, due to the 
upcast column of air, from the level of the plane in which the 
liigher of the two pit tops is situated, to the bottom of the upcast 
shaft. 

drd. The pressure in an air-column, equal to the gravitation of the 
air in all the ascents made by it, in the aur-ways extending from 
the second point of observation to the bottom of the upcast shaft. 

4th. The air-column due to all the resistances in the air-way extending 
from the Snd point of observation to the bottom of the upcast 
shaft. 

5th. The air-column due to the resistances in the upcast shaft. 

6th. The air-column due to the final velocity at the top of the upcast 
sLaft. 
But reductions will require making, for, 

1st. The velocity of the air at the second point of observation. 

2nd. The gravitation of the air in all the descending parts of the air 
way traversed by the air after piussing the second [wint of obser- 
vation, and before rcacliiiig the bottom of the upcast shaft. 
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This absolute pressure of the air at the second point of observation, 
will therefore be expressed hj, 

i?+Z7o+J^. + P. + P. + 28lfe-g3&iij-^» ....[98] 
(68.) The difference found by deducting this pressure at the second 
point of observation, from that already found as existing at the first 
point of observation, should leave the excess of pressure, (the same as 
[96]), at the first, over that at the second point of observation ; the dif- 
ference in question, found by deducting [98] from [97], is 

*" 231600 A» 231000 aj '^ ^' [^^J 

And this expression is, as above stated, equal to [96], or, 

2>, + A-Pi-p.- t^i-23j|g^--?7,-. ?73-.p.-p,-.ggj^ 



— ^ — + A = P + tr^ + z—^ A — [100] 

231600^ 231600 aiS ' 231600 a; ^ ■" 

from whence we derive the equation, 

(D^ + A + A + a; = r ?7o + r/; + tr, + »;; + p, + ps + p + 

P» "*■ P* "^ 23I600TA?' f^^^l 

An equation shewing that the pressure arising from all the descending 
columns of air, is exactly equal to the total ex))ouditure of pressure em- 
ployed in overcoming the gravitation of all the ascending columns of air, 
together with the frictional resistances in the shafts and air- ways, and in 
finally ejecting the air from the top of the upcast shaft ; when the air has 
been presumed to commence from a state of rest at the top of the down- 
cast shaft : an equation which strongly indicates the correctness of the 
reasoning which has been followed in obtaining it. 

(69.) On examining [96], which expresses the excess of pressure at the 
1st point of observation, over that existing at the 2nd point of observation, 

it will be seen, that when the excess is positive, and P-h K-i- ^,^,,^!^ , 

2«31000 aS 

Q« 

really exceeds the negative part of the expression A + ooi/»nn -i f *^® 

<JoluUu a( 

displacement of the gauge fluid, or difference of pressure between the two 
l)oints of observation, will be an exact measure of the excess of the re- 
sistances anshvj from friction, angles, and contractions, together with 
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the pressure required to overcame the gravitation of the air in the 
ascending parts of the air-way lying between the two points of ohser- 
va^onf and to generate the velocity with which the air is driven past the 
^ind paint of ohsertatianj over the pressure arisiD^ from the gravitation 
of the air in the descending parts of the air -way lying between the Ist 
and ^Tid points of observaticn, added to tJie pressure due to the generation 
of the velocity with which the air reaches the 1st point of observation: — 
in other words, the difference of pressure between the t^'o points of obser- 
vation, when positive, in &vor of the 1st point of observation, is an indi- 
cation of the excess of expenditure of pressure, in the air-way extending 
from the 1st to the 2nd point of observation, upon resistances and motion, 
over that arising in the same part of the air- way, both from the pressure 
due to the initial velocity with which the air enters upon it, and from 
the gravitation of the air in favor of ventilation , in the descending parts 
of the air-way itself 

(70.) When the excess is in favor of the 2nd jwint of observation, the 
negative indications of the gauge, or barometrical differences, will, on the 
other hand, be an exact measure of the excess of the pressure or mo- 
mentum, due to the initial velocity, and the gravitation of the air in the 
descending parts of the air-way lying between the 1st and 2nd point of 
observation, over the expenditure of pressure in the same part of the air- 
way, both upon the resistances of friction, angles, and contractions, and 
also upon propelling the air up the ascending parts ofstwh air-way, and 
fnally ejecting it into the air-way lying beyond the 2nd point of obser- 
vation, 

(71.) The foregoing is an explanation of the indications of a pressure- 
gauge, as to the differences of pressui'e existing at any two points in an 
air-way, in reference to the air-way lying between the points only. In 
order to see the meaning of these indications, in reference to the shafts 
and the other portions of the aii'-ways, extending fixtm the bottom of the 
downcast shaft to tlie first point of observation, and from the second 
point of observation to the bottom of the upcast shaft, it is only necessary 
to examine [09], which is an expression of the same value as [9G], which 
we have just been considering ; each representing the difference of pros- 
sure between the two points of observation. 

The positive items in [09] consist of 

i> 4- n J- n J yt 

o-r i-r »-^231G00a:j 

and the negative items of 
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Pi + P. + p, + P* + J7-„ + £r,+ £r, + ogYgoQ-j + oaTcoo iL^ 

and when the difference of pressure between the two points is positive, 
in favour of the first point of observation, the former exceed the latt-or, 
the pressure indicated being, in fact, an exact measure of the excess of 
force or pressure arising* in the descending parts of the shafts, and air- 
ways lying between them and the points of observation, together with 
that due to the vel^ity with which tlie air enters upon that portion of 
such air-ways which extend outwards from the second point of observa- 
tion towards the bottom of the upcast shaft, over that which is duo to 
the resistances of friction, angles, and contractions, and to the gravita- 
tion of the air in all the ascending parts, of the downcast shajt, and 
air-ways extending from it to the Jirst point of observation; and also in 
those extending foom the seco7id to the upcast shaft, and in tlie upcast 
shaft itself; together with the expenditure of pressure on ejecting the 
air from the air-way, at the Jirst jwint of observation, into the air-way 
lying between the two points of observation, and again into the atmo- 
sphere at the top of tlie upcast shaft. The descents and ascents being 
reckoned as the}' occur in the direction in which the current of air flows, 
the air being supposed to enter the downcast sliaft from a state of rest \ 
because, if the air entered the downcast shaft with a velocity arising 
from winds, the pressure due to its generation would require to be added 
to the positive parts of the expression. 

(7S.) When the pressure is greater at the second than at the first 
point of observation, the indications of a gauge will be negative, and the 
excess of pressure indicated will be a measure of the excess of the pres- 
sure due to friction, angleSj and contractions, and expended on over- 
earning the gravitation of the air, in the ascending parts, of the dawncaat 
shaft and the air-jvays extending from it to the frst point of observation, 
and in those extending from tlie second point of observation to tJu* bot- 
tom of the upcast shaft, and also in tlie upcast shaft itself; together 
with the exjwnditure of pressure 07i creating both the velocity at the 
frst point of observation, and also that with which the air leaves the 
top of tlie upcast ;?7«/?/i^, over the pressures due to or arising from the 
gravitatian of the air in the descending parts of the shafts and air-ways 
above alluded to^ together jvith that arising from the monuntum mth 
which the air enters upon the air- way extending from the second point 
of observation outwards, to the bottom of the upcast shaft. 

(73.) In general terms the indications of pressure given bv a water or 
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other similar pressure-gauge connecting the two points of observation; 
(after being corrected, if necessary, for the gravitation of the air, in any 
ascents and descents in an unventilated passage, wherein it is fixed,) 
have the same meaning and amount as the differences of barometical 
pressure of the air at the two points of observation, of which they are the 
true measure ; and when the excess prevails at the first point of obser- 
vation, which will always be the case when the intei*modiate air-ways 
are horizontal, this excess is equal to the excess of the force or pressure 
sxpeniM^ offer that generated or arising, in the air-ways exte^iding fronx 
the first to the second point of observation ; and, at the same time, it is 
a measure of the excess offeree or pressure arisitig, over that which is 
expended, in the shafts and other air-ways lying between them and the 
points of observation. But, on the contrary, when it happens that the 
excess indicated is in favour of the second point of observation, or what 
may be termed negative, then it*is a measure of tJi€ excess of the force 
or pressure arising or generated, over that which is expended, in the air- 
ways lying between the points of observation; and, at the same time, it 
is also a correct indication of the excess of the force or pressure expended, 
over that which arises or is generated, in the shafts and in the air-ways 
extending between them and the respective points of observation. 

Having now determined the real meaning or indications denoted by 
the displacement of a gauge fluid, or by the differences of barometrical 
pressures existing in different parts of an air- way, whether such excess 
exists at the first or at the second point of observation; and that, both 
in reference to the air-ways lying between the two points of observation, 
and again, in reference to the shafts, and the other or remaining air- ways, 
extending from them to the respective points of observation, we shall 
proceed to make some general remarks on the quaUties required in instru- 
ments for determining the quantities of air, and also in those for deter- 
mining^e differences of barometrical pressure, regretting, however, that 
good instruments, for the latter purpose in particidar, still appear to 
remain a desideratum, rather than a thing which has been realized — 
even after the remarks and suggestions about to be offered. 
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other similar pressure-gauge connecting the two points of observation^ 
(after being corrected, if necessary, for the gravitation of the air, in any 
ascents and descents in an unventilated passage, wherein it is fixed,) 
have the same meaning and amoimt as the differences of barometical 
pressure of the air at the two points of observation, of which they are the 
true measure ; and when the excess prevails at the first point of obser- 
vation, which will always be the case when the intermediate air-ways 
are horizontal, this excess is equal to the excess of the force or pressure 
expeniedj over that generated or arising^ in the air-rvays extending from 
the first to the second point of observation ; and, at the same time, it is 
a measure of the excess of force or pressure arising^ over that which is 
expended, in the shafts and other air-ways lying between them and the 
points of observation. But, on the contrary, when it happens that the 
excess indicated is in favour of the second point of observation, or what 
may be termed negative, then it*is a measure of the excess of the force 
or pressure arising or generated^ over that which is expended, in the air- 
ways lying between the points of observation; and, at the same time, it 
is also a correct indication of the excess of the force or pressure expended, 
over that which arises or is generated, in the shafts and in the air-ways 
extending between them and the respective points of observation. 

Having now determined the real meaning or indications denoted by 
the displacement of a gauge fluid, or by the differences of barometrical 
pressures existing in different parts of an air-way, whether such excess 
exists at the first or at the second point of observation; and that, both 
in reference to the air-ways lying between the two points of observation, 
and again, in reference to the shafts, and the other or remaining air- ways, 
extending from them to the respective points of observation, we shall 
proceed to make some general remarks on the quaUties required in instru- 
ments for determining the quantities of air, and also in those for deter- 
mining^e differences of barametrical pressure, regretting, however, that 
good instruments, for the latter purpose in particular, still appear to 
remain a desideratum, rather than a thing which has been realized — 
even after the remarks and suggestions about to be offered. 
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and when the difference of pressure between the two points is positive, 
in favour of the first point of observation, the former exceed the latter, 
the pressure indicated being, in fact, an exact measure of the excess of 
force or pressure arisinj^ in the descending parts of the sha/tsy and air- 
ways lying between them and the points of observation, together with 
that due to the velocity with which the air enters upon that portion of 
such air-ways which extend outwards from the second point of observa- 
tion towards the bottom oj the upcast shaft, over that which is due to 
the resistances ofjrlction, angles, and contractions, and to the gravita- 
tion of the air in all the ascending parts, of the downcast shaft, and 
air-ways extending from it to the ^first point of observation; and also ifi 
those extending from the second to the upcast shaft, atid in tlie upcast 
shaft itself; together with the expenditure of pressure on ejecting tlie 
air from the air-way, at the first paint of observation, into the air-way 
lying between the two points of observation, and again into the atmo- 
sphere at the top of the upcast shaft. The descents and ascents being 
reckoned as the}" occur in the direction in which tlie current ofairfiows, 
the air being supposed to enter the downcast shaft from a state of rest ; 
because, if the air entered the downcast shaft with a velocity arising 
from winds, the pressure due to its generation would require to be added 
to the positive parts of the expression. 

(72,) When the pressure is greater at the second than at the first 
point of observation, the indications of a gauge will be negative, and the 
excess of pressure indicated will be a measure of the excess of the pres- 
sure due to friction, a)ujles, and contraetions, atid cxpenxled on over- 
coming the gravitation of the air, in the ascending parts, of the dowtica^t 
sliaft and tJie air-jvays extending from it to the first point of observatioJi, 
and in those extoiding from the secoml point of observation to the bot- 
tom of the upcast sliaft, aiul also in tlie upcast sliqft itself; together 
with the expenditure of pressure on creating both the velocity at the 
first point of observation, and also that with which the air leaves the, 
top of the upcast «//«/l^, over the pressures due to or aribiug from the 
gravitation of the air in the descending parts of the idiafts and air-ways 
above alluded to, together with that arising from tlie momentum nnth 
which the air enters upon the air-way extending from the second point 
of observation outwards, to the bottom of the upcast shift, 

(73.) In general terms the indications of pressure given by a water or 
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other similar pressorc-g^uge connecting the two points of observation^ 
(after being corrected, if necessary, for the gravitation of the air, in any 
aacents and descents in an unventilated passage, wherein it is fixed,) 
hare the same meaning and amount as the differences of borometical 
pressure of the air at the two points of observation, of which they are the 
true measure ; and when the excess prevails at the first point of obser- 
vation, which will always be the case when the inteinnodiate air-ways 
are horizontal, this excess is equal to the excess of the force or pressure 
sxpenikdj over that generated or arising, in the air-ways extending fronx 
the first to the second point of observation ; and, at the same time, it is 
a measure of the excess of force or pressure arising, over that which is 
expended, in the shafts and other air-ways lying between them and the 
points of observation. But, on the contrary, when it happens that the 
excess indicated is in favour of the second point of observation, or what 
may be termed negative, then it*is a measure of lite excess of the force 
or pressure arising or generated, over that which is expended, in the air- 
ways lying between the points of observation; and, at the same time, it 
is also a correct indication of the excess of the force or pressure expended, 
over that which arises or is generated, in the shafts and in the air-ways 
extenJBng between them and the respective points of observation^ 

Having now determined the real meaning or indications denoted by 
the displacement of a gauge fluid, or by the differences of barometrical 
j^essures existing in different parts of an air-way, whether such excess 
exists at the first or at the second point of observation ; and that, both 
in reference to the air-ways lying between the two points of observation, 
and again, in reference to the shafts, and the other or remaining air- ways, 
extending from them to the respective points of observation, we shall 
proceed to make some general remarks on the qualities required in instru- 
ments for determining the quantities of air, and also in those for deter- 
miningpiihe differences of barometrical pressure, regretting, however, that 
good instruments, for the latter purpose in particidar, still appear to 
remain a desideratum, rather than a thing which has been realized — 
even after the remarks and suggestions about to be offered. 
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CHAPTER VII. 



Remarks an certain Instruments used for taking Observations relating 
to the Ventilation of Mines — Formula for converting Pressures — 
Table of the Tension of Aqueous Vapour. 



(74.) The anemometer of Mr. Biram^ which is now much used for 
measuring the velocity of currents of air in mineS| like that of Mr. 
Gomhes^ is^ when well constructed, a very useful instrument. These 
instruments, however, are affected by friction, so that the number of 
revolutions in a given time are not proportional to the velocity of the 
air ; and, in fact, are so much affected by it, that in slow currents they 
may not revolve at all, and become inapplicable in consequence. 

The velocity of any current of air, acting upon either of these instru- 
ments, will be determined by the use of a formida, of the form of 

V = a + bn [102] 

where v = the velocity of the current of air, and a and b are constants, 
suited to the particular instrument ; for, although they are different in 
different instruments, yet are they each constant, for the same instru- 
ment, whatever may be the velocity of i;he current. 

The constants a and b can be determined for any instrument by means 
of two experimental trials of the number of revolutions correspojiding to 
different velocities : thus if v and n are the velocity, and corresponding 
revolutions in a unit of time, in one of such trials ; and v^ and n^ the 
same, respectively, in the other trial ; then, since 

V = a -h bn 
and v^ = a -h bn^ 

it follows that, 



V — v^ 



b = ' ~ \ [103] 

n — n^ •• 



and 



n' V — nv 



\ 



a=-— [104] 

n' — n 
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In these experiments^ instead of exposing the instrument to moving 
air, the air may be still, and the instrument itself put in motion, at some 
determinate velocity, by machinery ; this is the mode pursued on the Con- 
tinent in constrocting the anemometer of Mons. Combes ; the values of 
the constants a and b being furnished to the purchaser of each instrument. 

Whenever the velocity is less than the constant a, these instruments do 
not revolve, and cannot be used for determining the velocity of a current 
of air in consequence. 

(75.) The anemometer of Dr. Idnd is very similar in construction to 
an ordmary water-gauge, but has a wide mouth-piece attached to one of 
the vertical limbs of the || shaped tube, to receive the impact of the 
current of air ; and the force of the wind is measured by the difference 
of the level of the water, in the two branches of the tube ; the undula- 
tioDB of the water being, to some extent, reduced by a contracted portion 
of tube, which connects the two vertical branches. 

This instrument is good in principle, as it is not affected by friction, 
and is easily applied to determine the force of winds, whether horizontal^ 
vertical, or inclined, in the direction of their motion ; and that without 
involving any measurement of time, as the velocity can be calculated 
directly from the force or impact of the air; the instnmieut, however, 
will seldom apply to such currents as exist in mines, it not being suffi- 
ciently sensitive; a velocity of 1 foot per second, or 60 feet per minute, 
would only give a displacement of l-2,756th part of an inch in the 
water-column ; and even 4 feet per second, or 240 feet per minute, would 
only produce a displacement of l-172nd part of an inch of wat«r-column; 
while a velocity of current equal to 1,000 feet per minute, such as pre- 
vails in some upcast shafts, would only produce a pressiu*e of about one- 
tenth of an inch of water-column ; the mere variations in velocity, being 
indicated by variations in so short a colunm, would, of course, be scarcely 
discemable on the scale of such an instrument. 

(76.) The loss of pressure due to the resistances offered by the air- 
ways of a mine has frequently, of late years, been determined by the 
use of the now well-known instrument called the water-gau»>e. The 
entire resistances of the workings seldom giving a displacement of more 
than 2 inches of water-colunm ; any slight variations in such a quantity 
being too small for easy and correct measurement; an evil which again 
becomes greater, as the portion of air-ways to which it is applied, are of 
less extent and resistance; and such an instrument is, from its very 
nature, totally inapphcable to measure the resistence of a mine, when the 
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shafts are situated at a great distance apart^ and are not connected by 
any unventilated passage^ in which to fix the instrument ; and it is equally 
inapplicable to the measurement of the resistances of any air-way, or 
part of an air-way, the extremities of which are situated at a distance 
from each other, and not connected by any unventilated passage, contain- 
ing a separation door or stopping, in which to apply it. 

Having paid some attention to this subject, in hopes of devising an 
instrument which would enable us to observe the resistances of air-ways 
under all circumstances, I venture to throw out suggestions, which if 
not satisfactory in all respects, may at any rate be of service to others, 
who may more successfully attempt the same thing. 

(77.) An instrument is named by Dr. lire, in his ^^ Dictionary of Arts, 
Manufactures, and Mines," under the article '^Chimney,'' which he 
ascribes to Wollaston, as being invented by him, to be used as a differ- 
ential barometer ; and which Dr. Ure adopted for measuring the draughts 
or ventilating power of furnaces. 

A modification of this instrument, or what I presume to be such, (for 
it is only partially described by Dr. Ure, and I have not seen WoUaston's 
description of it,) would appear to furnish a very sensitive pressure-gauge, 
to be used instead of the ordinary water-gauge; and might, perhaps, 
also admit of being applied to measure the loss of pressure due to resist- 
ances of air-ways, or portions of air-way, having their extremities totally 
unconnected by any unventilated gallery. 

In Plate 1, figures 1 and 3, let a, b, c, d, represent a metallic air-tight 
box, with an air-tight diaphragm, e, f, dividing it into two equal parts, 
communicating with each other by means of the small pipe g, with a 
stop-cock h in it; the compartment of the vessel e, b, f, d, has a pipe, 
b, k, with a stop-cock, i, attached to it ; and the other compartment of 
the metallic vessel, a, e, c, f, has a similar pipe, m, a, with a stop-cock, 
1, attached to it. A brass or copper tube, q, p, o, w, having a stop-cock 
at n, is fixed air-tight into the vessel at q; and a glass tube, v, w, is 
fixed, air-tight, into the tube at w ; and its opposite end is similarly fixed 
into the other compartment of the vessel at v. The two side tubes are 
^^ screwed*^ atm, and k. A scale, divided into inches and tenths, is at- 
tached to the glass tube : m, g, k, is one continuous tube. 

If water, of the specific gravity of 1,000, be introduced through the 
side tube, k, b; while the cock, n, is kept closed ; and if some oil of a pure 
character, having a known density, not greatly differing ttom that of 
water, be intioduced through m, a, into the other leg of the bent tube, 



169 

and the cock, n^ be opened, and more oil or water be added, till the Ji^n^- 
tion line of the ail and water stands at, or somewhere above zero, (z), on 
the scale, then the instrument is ready for use. 

To use this instrument as a gauge, in lieu of the ordinary water-gauge, 
close all the stop-cocks, 1, h, i, and n, and attach the instrument, by means 
of a small gutta percha tube, screwed, or otherwise fixed to k, or m, to a 
tube inserted in a door or stopping, separating the intake air from the 
return air; then bring the instrument into a perfectly vertical position, 
either by having it swung in gimbals, or by means of small spirit levels, 
attached to, and forming a part of the instroment ; and open the cocks n, 
and h, while i, and 1, remain closed ; note the part of the scale where the 
junction of the oil and water rests, and afterwards open the cocks i, and 1, 
and close h, and again note the part of the fixed scale where the junction 
of the oil and water rests. 

The difference of the two observations will furnish the means of de- 
termining the difference of pressure, on the two sides of the door or 
stopping, in which the instrument is used ; and hence, also, of the re- 
sistances of the air-ways, traversed by the air after passing the intake 
side of the door or stopping, and before reaching the contrary side of it. 
The stop-cock, n, will be useftd in carrying the instrument, to prevent 
the oil from getting into the water tube, and so ascending to the top of 
it } and will, by being only partially opened when the instrument is in 
use, tend to prevent undulations of the fluids, fi-om temporary disturbances 
of the pressures to which they are exposed. 

Let r = the distance in inches, traversed by the junction line of the oil 
and water. 

a = area of the glass tube, traversed by the junction of oil and water. 

A = the area of each of the equal compartments, into which the 
metallic vessel is divided. 

8 = specific gravity of the oil used. 

S = .... do of the water used. 

Then the pressure in inches of water column, aiising from the movement 
of the fluids will be. 

In the vertical tube of glass, r (S— s) -r- S ; 
In the oil compartment, r — s -?- S j 

In the water compai-tment, r — S -r- S. 
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The entire pressure creating the movementy (being the sum of the above,) 
will be exjNressed by 

0^t[ A j [105] 

where O represents the pressure in inches of water colunm ; and hence, 



r = 



S-s + -^(8+8) 



[106] 



so that if we suppose the fxl used, to be refined linseed oil, haying a 
specific grayity of 940, that of water being 1,000 ; and the area of the 
vessel to be 729 times that of tiie glass tube, or each compartment to be 
364| times the area of the glass tube; which would be the case if the 
metallic vessel had a diameter of about 9 inches, while that of the glass 
tube is taken at J of an inch, both the metallic vessel and tube being 
supposed to be cylindrical, or having circular sections. 
Then, an inch of water-gauge would be represented by a rise equal to 

r- ^^^ =15-3087 

1000-940 + -g^ (1000 + 940) 

inches in such an instrument; so that it would have a scale upwards of 
16 times as long as that of a water-gauge, to represent equal prsssures. 

If, in such an instrument as has just been described, a small vertical 
strip of glass were cemented into the metallic vessel, so as to shew the 
height of the surfiEMses of the oil on one side of the diaphragm, and of the 
water in the other compartment of the vessel, and if this glass were 
divided into inches and tenths, in continuation upwards, of the scale before 
alluded to, it would enable us to determine the relative densities of the oil 
and water, employed in using the instrument; and would be also ser- 
viceable in enabling the actual volume of enclosed air, contained in the ves- 
sel, to be ascertained ; which will be required if the instrument should be 
used in the manner hereafter to be explained, for determining the difference 
of pressure, prevailing at parts of an air-way situated at distances apart 
from each other, and unconnected by any unventilated air-way, so as to 
prevent the use of the instrument in the form in which the ordinary water- 
gauge is used. 

Such a strip of glass is represented in the figures by e, f. 

To determine the relative specific gravities of any oil and water made 
use of, it would only be necessary to bring the instrument into a vertical 
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position, and to open the stop-cocks n and h, allowing those at k and 1, 
to remain closed ; and then to observe the point of the scale at or above 
zero, where the junction of the oil and water rests, and also the two [mints 
on the strip of glass, (forming a part of the sides of the upper metallic 
vessel, and the continuation of the scale upwards,) at which the surfaces 
of the oil and water, respectively rest Then by deducting the height of 
the point of junction of the oil and water, above zero on the scale, from 
the height of the surface of the water, above the same zero, we shall have 
the length of water column which is equal to that of an oil column ; the 
hdght of which will be foimd, in like manner, by deducting the height 
from zero of the scale to the line of junction of the oil and water, from 
the height at which the surface of the oil rests above zero of the scale. 
The lengths of the columns of water and oil, so found, since they exactly 
balance each other, will be inversely proportional to the specific gravities 
of the liquids of which they consist. 

If by J, we represent the height above zero, at which the jimotion of 
the oil and water rests ; by W, the height above the same point, at which 
the surface of the water rests ; and by 0, the height, also above the same 
point, at which the surface of the oil rests ; by S, the specific gravity of 
the water, and by s, that of the oil employed ; then. 

As 8 : 8 :: — J : W — J 

and hence the specific gravity of the oil, 

« = S-^5f [107] 

In such an instrument as that described, if the length of the glass tube 
above zero on the scale were (15*3087 x 2) =s 31 inches, nearly; it 
would, by using oil of the specific gravity 940, measure a difference of 
pressure, equal to 2 inches of water-column, and be upwards of 15 times 
as sensitive as the ordinary water-gauge : — and by using oil of less specific 
gravity, in an instrument of g^reater length, of course greater differences 
of pressure could be determined, with even greater accuracy. 

The instrument described might be used after the manner of land's 
anemometer, to measure the velocity of currents of air, by adapting a 
trumpet-mouthed gutta percha tube to the side tubes, m, or k, to receive 
the impulse of the wind : — ^but, for currents of less than 7 feet per second, 
or 420 feet per minute, it can scarcely be considered sufficiently sensitive; 
at least the displacement of the line of junction, would, for any such cur- 
rents, be very small in amount ; although it would, where applicable, 
have the advantege of being unaffected by friction, and not being confined 
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to horizontal currents, nor requiring the measurement of time ; the vc- 
.locity being deduced directly from the force of the wind, in direct impact ; 
and it would be upwards of 15 times as sensitive as Lind's anemometer, 
if made of the dimensions before alluded to, and oil of specific gravity 
940 were used. 

Dr. lire suggests that by the use of proof spirit, and spermaceti oil, in 
such Instruments ; a great degree of sensitiveness may be obtained, as they 
are so nearly of the same specific gravity. As the water and oil displace 
each other, by any motion of the point of junction, the actual pressure is 
represented by a fluid, having a specific gravity only equal to the differ- 
ence of the specific gravities of the fluids used ; at any rate, so far as 
regards the distance traversed by the point of junction of the water and 
oil : — ^there being a reduction to be made firom this degree of sensitiveness, 
owing to the motion of the surfaces of the fluids in the metallic vessel at 
the top of the instrument just described ; but as the areas of the sur&ces 
in question, are, or may be, some hundreds of times greater than the area 
of the glass tube in which the junction line of the fluids moves, their 
effects are proportionably reduced. 

The contrivance of an instrument of great sensibility for determining 
the minute differences of absolute barometrical pressure prevailing at 
two points of an air-way, when such points are not so situated as to admit 
of the direct measurement of such difference of pressure, either by a 
water, or other more sensitive pressure-gauge, appears to remain a de- 
sideratum. 

An instrument intended to effect a similar object to this, recently 
brought under notice by Mr. Gumey, appears to me to be open to the 
objection, that, while it requires very great corrections for the effects of 
heat, its peculiar construction renders it very difficult to apply such 
corrections. 

Another, mentioned by Mr. Mackworth, the Inspector of Mines, is not 
sufficiently explained in the account which has come under my observa- 
tion, to warrant me in giving any opinion as to its merits ; but such an 
instrument, seeing that it would be likely to supersede the common ba- 
rometer, if of a portable character, and free from requiring the applica- 
tion of corrections for heat, leads me to fear that it is objectionable on 
the same account. Various kinds of contiivances are described in 
Hutton's Philosophical Dictionary, and other works of a similar character, 
for mcreasing the scale on which changes of barometrical pressure are in- 
dicated; but all that I have yet seen, and I am sorry to add all that I 



173 

# 

can yet ima^ne, are liablo to one or other of the objections^ want of 
portability; or the necessity of very great coirections for the effects of 
beat. 

(78.) As an addition to the general stock of such suggestions or con- 
trivanceS; I think it worth while noticing the manner in which the instru- 
ment to which I have just alluded might be made use of for determining 
very minute differences of barometrical pressuie; and although requir- 
ing very.^reat corrections for the effects of hoat^ it appears to be at least 
capable of admittmg the application of such corrections^ with very great 
nicety. Possibly the suggestion may lead some one else to another, and 
more effectual mode, of attaining the same object. 

In order to determine the difference of barometrical pressure, prevailing 
at any two points of an air-way, so situated with i-espect to each other, 
as not to admit of such difference of pressure being determined by the 
ordinary use of the water, or diffeiential pressm*e-gtiuge ; we may pro- 
ceed as follows : — 

Take the oil and water-guage to one of the two points, which we shall 
distjpguish from the other by calling it the first station, or the first jmint 
of observation ; and fix the instrument in a perfectly vertical position, 
and after opening the stop-cocks n, 1, and i, bring the junction line of 
the oil and water in the glass tube to a position about half-way up the 
scale, by introducing or abstracting, oil or water, if found necessary ; 
after allowing the instrument to acquire the temperature of the surround- 
ing air, make and note down the following observations, which we will 
here denote by the respective letters prefixed to them, — 

tP = The temperature of the air at the firat station j which may bo 
taken either by a thermometer attached to the instrument, or a se- 
parate one. 

p = The barometrical pressure of the atmosphere, reduced to inches of 
water-column ; wliich may be observed either by a sympiesometer, 
or a merciuial, or aneroid barometer, 

b = The number of cubic inches of air existing in the water compart- 
ment of the metallic vessel at the top of the instrument. The area 
of a horizontal section of this compartment being A, it will be neces- 
sary, in order to find this, to multiply such area, in inches, by the 
distance in inches, fiom the top of the vessel to the surface of the 
water ; which can be observed by means of the scale of inches and 
parts, to be marked on the strip of glass, fixed vertically into, and 
forming a part of the side of the vessel. 
Vol. III. — Dec, 1854. a a 
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If the relative specific gravities of the oil and water are not 
known^ it will also be necessary to make a similar observation with 
reference to the surface of the oil, and by [107], the specific gravity 
of the oil will be found. 

h = The height above zero of the scale, in inches and parts, at which the 
junction line of the oil and water stands in the glass tube. Previous 
to making this observation, it would, perhaps, be well, partially to 
close the stop-cock, i, so as to ensure the enclosed air being satu- 
rated with the vapour of the water, due to the existing temperature. 
Also let 

f = The tension of watery vapour, due to the temperature t°, when satu- 
rated ; expressed in inches of water-column, which can be found 
from tables, hereafter to be given — ^next, gently close the stop-cock, 
i, so as not to move the junction line of the oil and water in doing so, 
and also close the stop-cocks, 1, and n; and proceed with the instru- 
ment, in tliis state, to the second point of observation ; on reaching 
which, the instrument must be allowed to acquire the temperature of 
the surrounding ah*, and then, when in a perfectly vertical position, 
the stop-cocks, 1, and n, must be opened ; i and h remaining closed ; 
the air, thus being admitted to the surface of the oil, will allow the 
confined air over the water, to expand, or cause it to contract, so as 
to establish an equilibrium of pressures; the amount of such expan- 
sion, or contraction, will be found from tlie movement of the junc- 
tion line of the oil and water in the glass tube. At the second 
station ii will bo necessary to observe, and note down, the following 
quantities, which wo will denote by the symbols prefixed to them : 

t^ = The temperature of the air. 

h* = The distance in inches and parfc?, as shown by the fixed scale, from 
zero to the junction line of the oil and water, in the glass tube, the 
area of which is a. Also let 

p^ = The pressure of the atmosphere at the second station ; and 

r = The tension of watery vapour, saturated, at tomj)eratUTe t^ 

On referring to [105], it will be seen that the tension of the mixture 

of air and watery vapour, at the second station, after opening the cock 

1, will he 

/s-s+x(S+s) 
!,< + (h> - h)^ gi 

the tension of the conlincd air, at the second station, will be ; see (33), 
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S — 8 + -j-(S + 8) 

p' + (h' ~h)^ ^ j- f ' 

The pressure of the air and watery vapour, at the first station, is cz- 
ptessed by p; the tension of the confined air only, at tlie same point, 
being p — f . Now, since the volume assumed by the enclosed air, ex- 
chisive of the vapour mixed with it, whicli may vary ; is directly propor- 
tiooal to the sum of the temperature, and the constant number 459 ; and 
at the same time, inversely to the tension or prcssiu*e ; we have, 

. 469 -f to . 4r>9 -f t^ u 1 /I » i,N 

As -rff- • 7 — 2^-j r ::b : b+(h» — h)a 

firom whence comes tbo equation, 
. (459+t')( p-f)b ,,, ,J*-''+T(S+«)| ., .,.«, 

by means of which, after taking the observations which have been stated, 
the pressure of the atmosphere at the second i)oint of observation, can 
be calculated, in such a manner, as, that any error which may have 
arisen in determining the atmosphenc pressure, by a barometer or sym- 
piesometer, at the first station, will be sensibly tlic s&mc in amount here, 
so that by taking the difference 

when p^ is determined as above, we shall obtain, to great nicety, the 
excess of pressure at one station, over that at the other. 

It will, of course, be desirable to make the observations at the two 
points as quickly after each other as miiy be, and oven to repeat them 
more than once, so that no error may arise from altered conditions of 
atmospheric pressure, or in the loss by resistance, owing to a change in the 
quantity of air circulating at the times of observation. 

Having thus determined the difference of pressure, between the two 
points in the air-way, and observed the (piantity of air circulating at the 
times of observing such difference, it i*emains to calculate tlie effects of 
the gravitation of the air in the ascending and descending parts of the 
intermediate air- way ; these, being separated from the total, will, if all 
has been con-ect, always leave an excess of pressure, Jis existing at that 
point of observation from which the uir commences to traverse the air- 
way imder notice, over that existing iit the opposite cud, by which the 
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air loaves tho uir-way under notice ; and this excess is the actual ez|)en- 
diture of i>rcssurc on the other resistances of the intervening air-way, 
(excluding tho effects of gravitation only), when the observed quantity 
of air is circidating through it ; and by [57] or [60], we can therefrom 
determine the specific resistauce of such intermediate air-way; only 

using the diffei-enco of pressure in lieu of Dq — U^, or d < j^g • > 

When h is greater than h^ , owing to the air contracting at the second 
station, the value of (h^ — h) will, of course, be negative; but the for- 
mulas given will apply with the same accm*acy, as in the opposite case. 

(70,) As was intimated, the great inconvenience attendmg the use of 
such an instrument, would be, that the expansion of the confined air, by 
heat, would cause an immense change in the volume of air, and so require 
the scale to be very long ; or, on the other band, the total quantity of 
confined air would require to bo so small, as to render the instrument 
little, or perhaps no more sensitive tlian the ordinai*y water-gauge. At 
ordinary temperatures 1° of Fahrenheit would, if added to the tempera- 
ture of the confined air, expand its volume, nearly as much as an inch of 
water-pressure would do, by being i-emoved. 

To remedy the evil complained of, the instrument might, at the times of 
making the observations, be immersed in a tall glass vessel containing a 
mixture of water and melting ice, (excepting only the mouth of the 
tubes projecting from the sides of the metallic vessel, which might pro- 
ject upwards), so as to ensure the temperature of the vessel and its con- 
tents, being 32^; and although this would be rather a troublesome 
process, it wuuld render any observations of temperature needless, would 
simplify the formulae for finding the difference of pressure, save all refer- 
ence to tables of tho tension of watery vapour, and admit of the instru- 
ment being made veiy much more sensitive than an ordinary water-gauge; 
by enlarging the metallic vessel, without making the scale of the instru- 
ment very long. According to Magnus, the tension of watery vapour at 
^2? is •178,C2 inches of mercury ; and according to Regnault it is '181,58 
inches, the density of the mercury being that due to a temperature of 
C0°, and adopting the averag(j, it is equal to "180,1 inches of such mer- 
cury, or 2-i42,15 inches of water ; wliich, in this case, will, therefore, 
be the value of f, and also of f ^ , and tho formula will become 
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If, therefore, in such case, p = 402*44 ; b = 249*9 ; h' = 30 and 

hs29; a^-jQ; S = 1000; s = 940 ; and A = 40; we shall find 

that p^ = 402*216,15 ; so that a difference of actual pressure equal to 
-224,85 inches of water-column, would be indicated by a movement of 
the junction line, over 1 inch of the scale, the instrument being 4 J times 
as sensitive as a water-gauge. 

(80.) In order to convert any pressure per unit of surface expressed in 
feet of air column, into the same, when expressed in inches of water- 
column ; or the reverse ; since the weight of a cubic foot of air is expressed, 
[43J, in 9)8., by 

1*3244 f 



w = 



459+ t 



and the weight of a cubic foot of water at 62^, and 30 inches barometri- 
cal pressure, is 62*32102 3)8. avoirdupoise ; and since the heights required, 
for the production of equal pressures per unit of surface, must be inversely 
as the densities of the fluids composing them ; if by I, we represent the 
height of a column of water in inches, and by H the height of a column 
of air in feet, capable of producing the same pressure, we have. 



As 62*32102 : l£f2±i :; H : ^ 



and hence. 



and, 



459 + t 12 



I^ 'SggfH pio] 

459 -h t 



^ _ 3*92133 I (459 -f t) rjni 



by which these conversions can be effected ; they may occur in calcula- 
tions regarding ventikition. 

(81.) In order to convert any pressure per imit of surface, expressed in 
inches of mercury, into the same pressure, expressed in inches of water- 
column, we obtain the rule by taking into consideration, that at 32° the 
specific gravity of mercury is 13,598, that of water being 1,000 ; and that 
mercury bas been found to expand l-9,958th part of its volume at zero 
of Fahrenheit's scale, for each degree of beat imparted to it, so that its 
density at any temperature t, will be foxmd by the expression, 
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13,598 X (9,958 4- 33) 
9,958 + t 

to that of water^ taken as 1,000. And since the heights required, in 
columns of different densities, to produce equal pressures, are inversely 
proportional to such densities ; we have, 

13,698 X (9,968 + 82) . 
^~* 9,968 + t •• " • * 

where B is the inches of mercoiy, and I the inches of water ; ^ving, 

_ 136,844 D 
'- 9,968+ t L"-'] 

and, 

(9,968 + t) I „„, 

^ = 136,844 f"^-" 

Bj making the two values of I in [110] and [112], respectively, equal to 
each other, a formula could be obtained for converting an air, or a mer- 
curial column, into a column of the other, of equal pressure; the former 
expressed in feet, and the latter in inches — these formulsB, however, are 
based on the assumption of the air-column being homogeneous throughout 
its extent, and the same as at the point of observation ; this being what 
is wanted for application in most of the formuloe given in this memoir. 

(82.) It may not, perhaps, be out of place to notice here, that, if by v 
we denote the velocity of a wind, in feet per minute } and by I, the inches 
of water-colunm, supported by the impulse of the wind ; then, by Ilutton's 
experiments, 

^ ^ 9,921,600 ^^^^^ 

and 

V = 3150 VT" [115] 

Other writers give i-ules, based uiK)n different experiments from those of 
Button, which give greater forces, for equal velocities, than the above 
formulae, which I have constructed to agiee with Ilutton's exjjeriments. 

Indeed, Borda's exi)eriments give pressures about one-third greater 
than those made by Ilutton, for equal velocities. 

Since the weight in fi>s. of a cubic foot of aii* is exjiressed by 

. ^ 1-3244 f 
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the pressure per foot arisiog from a column of air^ H feet high, will be, 

P " 459 + t 

where p is the pressure in lbs. per foot; and we will find the height of 
lur colunm^ required to produce any given pressure, by, 

g_ (469 + t) p 
1-3244 f 

(83.) Experiments have been made by Dalton, and also by Ure, in 
England ; and by Magnus, and also by Regnaidt, on the Continent, to 
determine the tension of aqueous vapour at different temperatures ; and 
as the results of Magnus agree very closely with those of Regnault^ 
I have deemed it worth while reducinfc their results, from tables where 
the temperatures are given in degrees of the Centigrade thermometer, and 
the corresponding tensions in millimetres of mercury, of the density due 
to 0^ Centigrade; into temperatures expressed in degrees of Fahrenheit's 
thermometer, and coiresponding tensions expressed in inches of mercury 
of the density due to a temperature of 60° of Fahrenheit's thermometer; 
and I have also given the tensions, as contained in the tables by Dalton 
and Ure. 

In using the table for the preceding calculations it will, in general, 
be desirable to adopt and adhere to the results of one particular authority, 
so that the discrepancies may effect the results as little as may be. 
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TABLE 10. 

Table of tlie Tension or Elattic Force of Aqueous Vapour at different Temperatures, 

expressed in Inches of Mercury. 



Temper- 
ature. 


TENSION' OP VAPOUR. | 


Magntu 


u Regnault. 


Pulton. 


Ut«. 


-25-6 


■ • • 1 


0-012 






28-8 


• • • 1 


0-013 






220 


• • • « 


0-014 






20-2 


• ■ • 


0016 






18-4 


• • • 1 


0017 






16-6 


• C • 1 


0-018 






14-8 


• • • < 


0-020 






130 


• • • a 


0022 






11-2 


• • ■ a 


0-024 






0-4 


■ • • a 


0026 






7-6 


• sea 


0-028 






6-8 


• • • a 


0031 






4-0 


003( 


J 0033 






2-2 


003i 


) 0036 






0-4 


0-04S 


\ 0039 






+ 1-4 


0-04; 


^ 0048 






3-2 


0051 


I 0047 






5-0 


0-06C 


} 0051 






6-8 


006( 


) 0056 






8-6 


0-061 


\ 0060 






10-4 


0-071 


I 0065 






12-2 


0-07; 


r 0-071 






140 


OOK 


J 0078 






15-8 


009( 


) 0085 






17-6 


009( 


) 0092 






19-4 


0-lOi 


> 0-100 






21-2 


0-11^ 


I 0109 






230 


0-12J 


J » 0-119 






24-8 


0-13.' 


) 0-129 






26-6 


014i 


J 0-140 






28-4 


0-154 


I 0153 


1 




30-2 


0-1 G( 


5 0-107 






320 


0-171 


) 0-182 


0-200 


0-200 


330 


• • • 


• • • • • 


0-207 




33-8 


0-101 


J 0-105 






34-0 


• • • 4 


• • • • 


0-214 




360 


• • • 


> • * • • 


0-221 




35-6 


0-20' 


r 0-209 






360 


• • • 


t • • • * 


0-229 




370 


• • • 


> • • • • 


0-237 




37-4 


0-22i 


I 225 






38 


• • • 


• • • • • 


0-245 




39 


• • • 


• • • • • 


0-254 




39-2 


0-231 


3 0-240 






40 


• • • 


• * « • • 


0-2G3 


250 


410 


0-25a 


5 0-257 


0-273 




42 


• • • 


• • • • • 


0-283 




42-8 


0-27- 


i 0-276 






430 


• • • 


• • • • • 


0-294 




440 


• • • 


• • • • • 


0-305 




44-6 


020 


4 0-290 






45 


1 ■ • • 


■ • • • • 


0-3 IG 




40 


1 

1 • • • 


• • • • • 


0-328 
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Temper- < 


TENBIOW OP VAPOUR. 


otarc. 


Magmi*. 


RrgnMlt. 


Dalton. 


Ure. 


46-4 


314 


0317 






47 


• • « • 


• • • • 


0-;J39 




48 


• • • • 


• • ■ • 


0-351 




48-2 


0-337 


0-339 






49 


• • • • 


• • • • 


0-363 




50 


0*360 


0-362 


0-375 


0-360 


51 


• • • • 


. • • . 


0-388 




51-8 


0-385 


0-387 






52 


• • • • 


.... 


401 




63 . 


• • • • 


• • • • 


0-416 




536 


0-411 


0-413 






54 


• • • • 


> • • . 


0-429 




55 


• • • • 


. • . • 


0-443 


0-416 


55-4 


0-430 


0-441 






50 


• • • • 


t • • • 


0-458 




57 


• • • • 


• • • • 


0-474 




57-2 


0-469 


0-476 






58 


• ■ • • 


• • • ■ 


0-490 




50 


0-500 


0-501 


0-507 




60 


• • • • 


> . • . 


0-524 


0-5IG 


60-8 


0-636 


0-534 




• 


61 


• • • • 


« • ■ • 


0-642 




62 


• • • • 


• • • • 


560 




62*6 


0-569 


0-569 






63 


• • • • 


. • • • 


0-.578 




64 


• • • • 


• • . . 


0-597 




64-4 


0-606 


0-606 






65 


• • • • 


• • • • 


0-616 


0030 


66 


• • • • 


• • • ■ 


0-635 




662 


0-645 


0-645 






67 


• • • • 


> > • • 


0656 




68 


0-687 


0-687 


0-676 




60 


• • • • 


• • . • 


0-698 




69-8 


0-781 


0-730 






70 


• • • • 


• • • « 


0-721 


0-726 


71 


• • • • 


• « • •• 


0-745 




71-6 


0-777 


0-776 






72 


• • • • 


• • • • 


0-770 




73 


• • • « 


• • • • 


0-796 




73-4 


0-826 


0-825 






74 


• • • • 


. • • • 


0-823 


■ 


75 


• • • • 


. > • • 


0-861 


0-860 


75-2 


0-877 


0-870 






76 


• • • • 


• • • • 


880 




77 


0931 


0-030 


0-910 




78 


• • • • 


• • • • 


0-940 




78-8 


1-012 


0-987 






79 


• ■ • • 


• . . . 


0-971 




80 


• • • • 


• • • • 


1-000 


1-010 


800 


1-048 


1-040 






81 


• • • • 


. • • • 


1-04 




82 


• • ■ « 


. • • • 


1-07 


- 


82-4 


1-111 


1-109 






83 


• • • • 


• • • . 


1 10 




84 


• • ■ •• 


• ■ . « 


M4 




84-2 


1-178 


1176 






85 


• • • • 


• • • • 


1-17 


1-170 


86 


1-248 


1-246 


1-21 




87 


.... 


• • •• • 


1*24 
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D D 



rsr- 


TENSION OP V*POUIl. 1 


llnpiu,. 


Rrsnault. 


D^u,n. 


u™. 


BT-8 


1-3S1 


1-319 






ee 






1-28 




89 






1-32 




89-6 


i-atie 


1-308 






DO 
HI 






1-30 
1-40 


1-360 


Bl-4 


1**70 


1-477 






DS 






1-44 




as 






1-48 




U3'S 


IMS. 


1-568 






04 






1-63 




gs 


1-864 


l-65i 


1-58 


1-640 


oe 






103 




M-e 


1-748 


1-74S 






B7 






1-68 




9a 






1-74 




esa 


1-846 


l-B« 






B9 






1-SO 




100 






1-80 


1-660 


100-4 


1-949 


I'wfl 






101 






1-93 




108 






1-08 




102-a 


a-0B7 


a'osi 






103 






a'04 




101 


3-170 


s'ies 


8-11 




■ OS 






818 


2-100 


105-8 


a'sso 


2-280 






loe 






8 85 




107 






2-32 




1078 


2-4i3 


»4io 






108 






S'30 




100 






S-46 




lOB-1 


£■542 


a'sio 






110 

111 






8-53 
2-60 


3-4 no 


111-2 


8-078 


2-e70 






113 










113 
114 


2-820 


a'iio 


2-76 
S-81 




lU-8 

lis 


3'DBe 


2-007 


S92 


2-830 


116 






3-00 




110-0 
117 


s'ias 


8-123 


308 




118 

118'4 

110 


3-28n 


3-885 


310 

3-36 
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3-33 


3-300 


iso-a 


3454 


s'iaii 






lai 






3-42 




iss 


3031 


3-031 


3-50 




133 






3-50 




183-8 
1^4 


3-816 


S'sio 


3-09 




las 

ISS'O 


4-007 


4000 


3-7!> 


3-830 


ISO 
127 






3-Sll 
4-00 




137-4 


4-807 


4310 
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Temper* 
ature. 


TENSION OP VAPOUR. | 


Mftgnut. 


Begnault 


Oalton. 


Ure. 


128 


• • • • 


• • • • 


4-11 




129 


• • • • 


• • • . 


422 




129-2 


4-417 


4 420 






130 


• • • • 


• • • • 


434 


4366 


131 


4-634 


4-638 


4-47 




132 


• • • • 


• . . • 


4-60 




132-8 


4-861 


4-866 






133 


• • • • 


• * • • 


4-73 




134 


t • • • 


• • • • 


4-86 




134-6 


5097 


5-064 






135 


• • • • 


• • • • 


5-00 


5-070 


136 


• • • • 


• • • • 


"5-14 


1 


130-4 


5-340 


5-350 




1 


137 


• • • • 


• ■ • • 


5-29 




138 


• • • ■ 


• • • • 


5-44 




138-2 


5-600 


5-607 






139 


• • « • 


• • • • 


5-59 




140 


5-866 


5-875 


6-74 


5-770 


141 


• • • • 


• • * • 


6-90 




141-8 


6-143 


6-153 






142 


• • • • 


• • • • 


605 




143 


• • • • 


• • • • 


6-21 




143-6 


6.432 


6-442 






144 


• . . • 


• • • • 


6-37 




145 


• • • • 


• • • • 


6-53 


6-600 


145-4 


6-732 


6-748 






146 


. • . . 


1 

• • • • 


6-70 




147 


• . • • 


• • • • 


6-87 




147-2 


7043 


7-055 






148 


• • . • 


• • • • 


7-05 




149 


7-367 


7-881 


7-23 




150 


• • ■ • 


• • • • 


7-42 


7-530 


150-8 


7-704 


7-718 






151 


• • • • 


• • • • 


7-61 




152 


• • • • 


• • • • 


7-81 




152-6 


8-053 


8069 






153 


• • • • 


• • • • 


8-01 




154 


• . » • 


• • • • 


8-20 




154-4 


8-416 


8-433 






155 


• • • • 


• • . . 


8-40 


8500 


156 


• . • • 


• • • . 


8-60 




156-2 


8-793 


8-811 






157 


• • • • 


* • • • 


8-81 




158 


9-183 


9-203 


9-02 




159 


• • • • 


■ • • • 


9-24 




159-8 


9-589 


9-608 






160 


• . • • 


• • • • 


9-46 


9600 


161 


• • • • 


• • • • 


9-68 




161-6 


10-010 


10031 






162 


• • . • 


• • • • 


9-91 




163 


» • • • 


• . « • 


10-16 




163-4 


10-446 


10-468 






164 


• • • . 


• • • • 


10-41 




J 65 


• • • . 


• • • • 


10-68 


10-800 


165-2 


10-898 


10-921 






166 


• • • • 


. . • . 


10-96 




167 


11-366 


11-391 


11-25 




168 


• • • • 


• • . • 


11-54 




168.8 


11-852 


11-877 






169 


■ • t • 


• • • • 


11-83 




170 


• ■ • • 


• t • • 


12-13 


12-050 



184 



Temper- 
ature. 


TBN8I0N OF VAPOUR. f 


Magnui. 


Begnaiilt. 


D«Kon. 


Ui«. 


170-6 


12-355 


12-381 






171 


• • • • 


• • • • 


12-43 




172 


• • • • 


• • • . 


12-73 




172-4 


12-876 


12-903 






173 


• • • • 


•■ • • • 


1302 




174 


• • • • 


• • • • 


13-32 




174-2 


13415 


13-443 






175 


• • . . 


• • • • 


13-62 


)3-550 


176 


13-973 


14001 


13-92 




177 


• ■ • . 


• . • . 


14-22 




177-8 


14-551 


14-580 






178 


• • ■ . 


• • • • 


14-62 




179 


• • . • 


• • « • 


14-83 




179-6 


15-149 


15-177 






180 


• • • • 


• • j» • 


15-15 


15 160 


181 


• • • . 


• • • • 


15-50 




181-4 


16767 


15-796 






182 


• • . • 


• • • • 


15 86 




183 


.... 


• • • • 


16-23 




183 2 


16 406 


16-436 






184 


• • « • 


• • • • 


16 61 


« 


185 


17067 


17 097 


17-00 


16-900 


186 


• . • . 


• • • • 


17-40 




186-8 


17-751 


17-779 






187 


• • • • 


• • • • 


17-80 




188 


• • • • 


• • • • 


18-20 




1886 


18-457 


18-486 


" 




189 


. • • • 


• • • • 


18-60 




190 


• • . • 


• •' • • 


19-00 


19-000 


190 4 


19-187 


19-215 






191 


. . • • 


• • • « 


19-42 




192 


. • • • 


• • • • 


19-86 




192 2 


19-941 


19-968 






193 


• . . . 


• • • • 


20-32 




194 


20-719 


20-745 


20-77 




195 


• • • • 


• • . • 


21-22 


21100 


195-8 


21-521 


21-548 






196 


• • • • 


• • • • 


21-68 




197 


• • • • 


• • • • 


22-13 




197 


22-352 


22-376 






198 


« • • • 


• • • • 


22-69 




199 


• • • ■ 


■ • • • 


23- Hi 




190-4 


23-212 


23 231 






200 


• • • • 


• • • 


2364 


23 000 


201 


• • • • 


• • ■ • 


2412 




201-2 


24092 


24-113 






202 


• • • . 


• • • • 


2461 




203 


25003 


25022 


25- 10 




204 


• • • • 


• • • ■ 


25-61 




204-8 


25-944 


25-960 






205 


• . • • 


• • • • 


2013 


25 900 


206 


. • • • 


• • • • 


26-66 




2066 


26-914 


26-927 






207 


• • • • 


• • • • 


27-20 




208 


• • • • 


• • • • 


27-74 




208-4 


27-913 


27-924 






209 


• • • • 


• • • • 


28 29 




210 


• • ■ • 


• • • • 


28-84 


28 880 


2102 


28-944 


28-952 






211 


• • • • 


. • • • 


29-41 




212 


30006 


30-006 


30-00 


30 00 
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CHAPTER VIII. 



Example of the Application of the Specific liesistances of the Air-tvayH 
of a Mine J for determining the Effects j on tlie Ventilation of a Mine, 
which would be produced by a" Cliange of Air ^ 



Having shewn how the 8|)ecific resistances of an air-way, or any por- 
tion of an air-way, may be found by calculation, providing we know the 
exact difference of the barometrical pressures, existing at its two extremi- 
ties, together with the ascents and descents traversed by the air in pass- 
ing from one point to the other, and the temperature of the air in each 
part; it may, at least, serve as a general illustration of many of the pre- 
ceding parts of this memoir, to proceed to shew, by an imaginary case, 
assumed as an example, how such specific resistances, when found for all 
parts of the air-ways of a mine, may be made use of to determine the par- 
ticular effects which would be produced on the ventilation of each part of 
such mine, by effecting any proposed or contemplated alteration in the 
arrangements for ventilating it ; in other words, to shew how a knowledge 
of such resistances would enable us to determine the exact quantity of 
air, which would circulate in each of the new " splits," under any given 
or assumed general ventilating pressure ; after making any proposed or 
contemplated ^^ change of air." In offering the following example, it is 
not presumed that the very troublesome mode which has been suggested 
for finding the exact amount of very minute differences of pressure, 
existing at different points in an air-way, situated at a distance from each 
other, is such as to be Hkely to be often resorted to ; yet it is hoped that 
such an example, by calling attention to the use which could be made of 
a knowledge of such differences of pressure, may at least have the effect 
of leading to an attempt being made to devise some less objectiona]>le 
method than that alluded to, fm* determining with sufficient accuracy, 
the amoimt of any such differences of pressure ; as the attainment of 
this object, certainly appears, in the abstract, to be quite possible. 
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Supposing the genei*al features of the ventilation of a coal mine to be 
shewn by the figure in Plate 2. 

And; for the sake of simplifying the case, let it be presumed that the 
entire extent of the air-ways are situated in the same horizontal plane, so 
that the pressures and the ventilation are not affected by any constant 
forces, arising from the gravitation of the air in ascending or descending 
parts of the air-ways. 

In the first place, let us suppose the air to be divided into no more than 
two distinct cuiTents, represented in Plate 2 by the arrows ; the currents 
separating at the bottom of the downcast shaft a ; one current passing to 
the right through b, c, d, over an air-tight crossing at e, through f, r, g, 
over the fiimace at x, and up the upcast shaft at z ; the other current 
leaving the bottom of the downcast shaft at a, and going to the left, 
through under the air-tight crossing at e, thence through h, i, k, 1, m, n, 
and joining the first current at g ; and, in connexion with it, going to, 
and over the ftimace at x, and up the upcast shaft at z. 

Let it be presumed that we wish to know what would be the effect on 
each part of the ventilation of the mine, if the arrangements were so 
altered, as to divide the air in the following manner ; on the assumption 
of the total ventilating pressure being maintained at the same amount, 
after, as before the change — 
1st. Let one cmTcnt, which we shall call No. 1, pass from the bottom 
of the downcast shaft, as in Plato 3, through b, c, p, to and over 
a new crossing to be placed at q, (the doors on each side of it 
being removed,) and thence to x, over the furnace and up the 
upcast shaft. 
2nd. Another cuiTent No. 2, being a split from No. 1, which it se- 
parates from at b, goes thence through m, n, g, and so to x, and 
up the upcast shaft ; the stopping between b and m being removed. 
3rd. Another current. No. 3, being a split from No. 2, leaving it at m, 
passing through 1, y, g, and so to the furnace at x, and up the 
upcast shaft — the stopping at y being removed. 
4th. Another current. No. 4, dividing from the other air at the bottom 
of the downcast shaft, and passing through w, v, d, over the 
crossing at e, to f, r, g, and x, and thence up the upcast shafts — 
this re(|iuring the removal of the doors near w, and also the 
placing of a door or stopping at v. 
Wc will also presume the regulator at r to be removed on changing 
the air. 
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5th. Another portion of air No. 5, separating fiom the general boily 
of air at the bottom of the downcast shaft at a, and passing under 
the crossing at e, and thence through h, i, k, y, g and x, and up 
the upcast shaft at z — a stopping or door near y being taken away 
on making the change. 
The following diagram will serve to exliibit the general connexion 
existing between the currents after the change has been effected : 




The dotted lines represent galleries or air-ways not traversed by any 
current before the change is effected, but which will bo ventilated after it 
is effected — ^while from p to v, on the contrary, will cease to be ventilated 
after the change is effected, although previously ventilated — and hence 
the specific resistances of these parts will require to be determined, by 
taking the dimensions of the air-way, and calculating by the formulae 
which have been given for the purpose, in another place; — so far, at 
least| as regards the parts where no air is circulated before the change ; 
inasmuch as where there is no current there cannot be any loss of pres- 
sure from resistances. 

Since we have presumed the workings of the mine to be level, the 
specific resistance of the ventilated passages will be found by dividing 
the loss of pressure, (expressed in feet of air column, of some density, 
assumed as a standard), by the square of the number of cubic feet of air 
in circulation per minute ; only excepting in the shafts, and it is presumed 
that enough has been said to render clear the mode of proceeding to 
obtain their resistances ; it only involving, in addition to the rules for 
horizontal passages, the necessary allowance for the weight of the air in 
them, in certain instances. 

A considemtion of the diagram just presenteil, together with the figiue 
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in Plate 3 ; where the arrows denote the route taken by the air after tlie 
change, will shew where observations should be made. 

Let it be presumed that we are using an oil and pressure gauge, of 
such a size and character that it is 5 times as sensitive as a water 
gauge ; and that the pressures due, i*epresented in feet of air column, of 
a density such as to cause it to weigh '078 9)s. per cubic foot — ^this being 
the weight due to dry air at 51 ° under a pressure of 30'03637 inches of 
mercury : — the total ventilating pressure being equal to 100 feet of such 
air. Then will the following table exhibit the results of the necessary 
observations^ which must be taken at the points indicated by the letters. 

In the lAt Split 8,000 feet per minute. 



Points of 

Obseryation, as 

on Plan. 



1st 
Point 



2nd 
Point 



Movement 

of junction 

line of oil 

and water 

In the 

grange. 



B 



Downcast Shaft. 



a 
b 

P 

r 



b 

p 

r 

X 



Upcast Shaft, 
including* the pres- 
sure due to the final 
velocity 



Pressures 
in column 
ofair^of 
the weight 

of water. 



Inches. 



C 

0-375 

0-16 

1-05 

3075 

1-5 

0-225 



800C 
5 X 12 



D 

5 

2 

14 

41 

20 

3 

15 



100 



Cubic feet 

of air in 

circulation 

per minute. 



Observed 
quantities. 



E 

20,649 
8,000 
8,000 
8,000 
8,000 

20,649 

20,649 



Spedfio 
resistance 

of the 

intervening 

air-way. 



D^ 
E» 



P 
(7) 11,725 

(7) 31,260 
(6) 218,750 
(6) 640,625 

(6) 312,500 

(8) 7,050 

(7) 35,175 



f 



Thb to the 

proHure due 

J to the rasis- 

] tance offered 

by the regu- 

Uator. 



In the 2nd Split of 12,649 feet per minute. 



Downcast shaft 


0-375 


5 


20,649 


(7) 11,726 




a 


y 


2-25 


30 


12,649 


(6) 187,500 




y 


m 


1-875 


26 


12,649 


(6) 156,260 




' m 


er 


1-65 


22 


12,649 


(6) 137,600 




ST 


X 


•225 


3 


20,649 


(8) 7,050 


i 


Upcast Shaft, 
including the pres- 
sure due to the final 
velocity 


^ • • • • 

J 


15 


20,649 


(7) 35,175 






y 














100 



It will bo seen from the tables that we have supposed 8,000 feet of 
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nir per minutp^ to have circulated in the Ift Split, and l?,nil) culiic foot 
per minut^^, in the 2nd Split, nt the times of observation, hnfore the 
" change." 

In order that the table f»;iven may he understood, jus well ns mnny of 
the calculations which are to follow, it is necessary to explain tljat, havinpf 
for i)erspicuity adopted 1 cubic foot of air per minute, as the unit whereby 
to determine what is here denominated the '^specific resistiincr of an air 
way," the result is, that these resistances are so very minuter that they 
would genomlly require the prefixing of a great number of cyjihers before 
the digits, to expi'e.ss them in decimal notation ; and to avoid this in- 
convenience, the numbers enclosed in parimtheavn indicate the number of 
cyphers which actually require to be, (yet which are not) prefixed to the 
digital parts of the numbers, in order correctly to express them. 

In future calculations, it would be better to adopt a thousand cubic 
feet per minute as the standard, whei'eby to determine specific resis- 
tances, so as to reduce the number of cyphers required ; in such case, 
bearing in mind that the results would not come out in cubic feet, but in 
cubes of air, 10 feet squait; on each side \ that is to s:iy, in thousanda of 
cubic feet. 

In thenotation just mentioned the number (7) 11,725 = -000,000,011,720, 
and the number (0) 218,750 = -000,000,218,750, etc. 

By the use of such a gau«re as we have supposed in tlii^ example mine, 

the errors of observation would not in any case amount to more than 

-]-^jth part of the total ventilating pressure emj)loyed, even if we suppose 

that tlie error was as great as r.'.^th of tm inch on the scale of the instru- 

12 X 5 X 100 
ment; because -^ -r--z = T'J inches of scale on the gauge would 

bfi recjuired to indicate the total pressure of 100 feet of air column ; 
^^ijth part of the density of water j the instrument being 5 times as 
sensitive as a water pressure gauge; ami 7 A x 20 = 150— 20th parts of 
an inch. 

On referring to the di:igi'am, it w-ill be seen that we have not got, in 
our tabulated observations, the specific resistances of the following parts 
of the air- ways; owing to their ])eing dumb before tlie change. 
In No. 1 split, from p through q to x. 
Frem b to m, uniting No. 1 with Nos. 2 and 3 sj)Iits- 
From a to v in No. 4 split. 
As they will form a part of the routes traversed by the air after tlje 
change, it will be necessary to know beforehand, what their speeillc re«riNt- 
VoL. TIL, Dec 1S54. c v 
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ances really are ; and this can only be ascertained by taking their dimen- 
sions, and calculating them by the rules given in an earlier page j and 
even to do this will require a knowleilge of the coefficient of resistance, 
duo to the nature of the materials composing the interior surfaces of 
such air-ways, and which it may, therefore, be worth while ascertaining, 
by a series of experiments on passages exposing different kinds of mine- 
ral substances to moving air, the general rules given iu Chapter 5 of this 
memoir will enable us to determine these coefficients. 

After calculating the amounts of the specific resistances of the parts 
just alluded to, they will have to be added to those of the remainder of 
the particular routes, of which they are intended to form a part, after the 
change of air. 

From p to V, which is to become dumb or un ventilated after the change 
of air, will also require that its specific resistance be found, eitlier by the 
use of the gauge, or by measurement and calculation, and deducted from 
No. 4 split's specific i-esistance as found from observations at b and r, &c. 
Let us suppose that we have so determined these I'esistances, and found 
them to be as follows: — 

From p through q to x . . ' = (9) 6. 

From b to m . . . . . . = (9) 2. 

Prom a through w to v . . . . = (9) 2. 

From p to V .. .. .. •= (9)1. 

Let it further be presumed that we 

have calculated, by the foimula given, 

or actually observed by the gauge, ^ 

that the loss of pressure at the regu- | ~" ^ ' 

later r, is equal to a specific resist- 
ance of. See [1] and [G4] • . 

Then, after the change of air is effected, it follows that the specific re- 
sistances offered to the several splits of air, will be, as in the following 
tabular statement; on the presumption that each cun*ent is pursued from 
its entering the mouth of the downcast shaft, till it is discharged at that 
of the upcast shaft. 
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TABLE, 

Shewing the speoiflo reautaDoet of each of the routci, token by the dUFerent Bplitii of 

air la the example, after effecting the chouge. 



No. 

of 

8pUt- 

I 


Reference to the route of the splits, 
as given ou the Plan. 


S])ecifio resistances. 


Com- 
mence- 
ment. 


Intermediate. 


Ending. 


Of the portions 
separately. 


Of the entire 
route, being the 
sum of the portions. 

(6) 297,500 


Top. 

a 
b 

P 
Bottom. 


Downcast Shaft. 

q 

Upcast Shaft. 


Bottom, 
b 

P 

X 

Top. 


(7) 11,725 

(7) 31,260 

' (C) 218,750 

1 (9) GOO 

(7) 35,175 


S 


Top. 

a 
b 
m 

S 
Bottom. 


Downcast Shaft. 

n 
Upcast Shaft. 


Bottom, 
b 
m 

X 

Top. 


(7) 11,725 
(7) 31,250 
(0) 200 

(6) 137,500 
(H) 7,050 

(7) 35,175 


(G) 222,900 


3 


Top. 
a 
b 
m 

K 
Bottom. 


Downcast Shaft. 
Upcast Shaft. 


Bottom, 
b 
m 

X 

Top. 


i (7) 11,725 1 
. (7) 31,250 1 
(9) 200 
(0) 150,250 
: (8) 7,050 : 
1 (7) 35,175 


(G) 241,050 


4 


Top. 
a 
b 

r 

Bottom. 


Downcast Shaft. 

w 

(less p to v) 

(less regulator) 

Upcast Shaft. 


Bottom. 

r 

X 

Top. 


(7) 11,725 
. (0) 200 

(G) 040,525 
(9) 200 

(8) 7,050 
(7) 35,175 

(7) 11,725 

(()) 187,600 

(rt) 7,050 

! (7) 35,175 


(C) 094,875 


5 


Top. 

a 

Bottom. 


Downcoift Shaft. . Bottom, 
e, h, i, k, y ' g 

' X 

Uixjost Shaft. , Top. 


(C) 241,450 



An inspection of the diagram, sliews that in ordor to a})ply the iormiilii', 
to determine the gross resistances encountered by each of tlie new 8j)lita 
of air, both where they are alone, and in tlie pai-ts of their roiit(?s where 
the resktance encountered is enhanced, by the union of other currents 
with any one under particular consideration ; we must treat the 4th and 
5th splits or routes as acting in aid of each other from a to g*, so as to 
obtain the specific resistance of a single route, which would ])e equal to 
their joint effects in transmitting air; and then proceed, in a similar 
manner, to find the specific resistance of a single route, which would 
transmit, under equal pressures, the same quantity of air, as the joint 
quantities transmitted by Nos. 2 and 3 routes, from m to g; and after- 
wards determine the case for one split of air, dividing itself into two 
pai'tS; one of which pursuec^ one route and the other a different one, so 
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that one of them unites with a distinct split or current, and; in conjuncticm 
with it, passes some distance ; where tliey are met hy, and united to, the 
remaining pait of the fii*st mentioned cun-ent ; and pass on to the top of 
the upcast shaft with it ; all of which will he more readily [)erceived by 
considering the following processes of calculation, perhaps, than by any 
direct consideration of the diagmm alone. 
We perceive by [69} that 

j^ M^ Mg 



Ml + 2 VMi M, + Mg 

where M is the si>ecific resistance due to a passage giving the same fa- 
cilities for the ti*ansmission of air as the united actions of M^ and Mg. 

If by m(4 5, we represent the resistance of a passage, equivalent to the 
united actions of routes 4 and 5, from a to g, in transmitting air ; and if 
by m^ we represent the specific resistance of route 4 ii'om a to g ; and by 
m^ that of route 5 between the same points; then by substitution, in 
[69], we obtain, 

m^ -f 2 V m^ m, -f Hij 

Now the sjiecifi^c resistance m4 is (6) 640,926 
\iz:— 

From a through w to v (9) 200 

From V to r = p to r less p to v (6) 640,525 
From r to g = (6) 312,500 
Less, Regulator (6) 312,300 = (9) 200 

Therefore m, = (6) 640,9 25 

The specific resistance of that part of split 5, from a to g, passing through 
e, h, i and k is m, = (6) 187,500 ; and hence. 



I»i4.«, = 



(6) 640,925 X (6) 187,500 =r7)78 971 



(6) 640,925 + 2 x/(()) 640,925 x (0)1875+ (6)1875 

The specific resistance of routes 4 and 5, so far as regai'ds the parts ex- 
tending from a to g only, when acting in aid of each other in transmitting 
air, is therefore (7) 78,971 as above. 

Proceeding now in a similar manner to find the joint resistance of 
routes 2 and 3, fruia in to g ; that of 2 from m to g is (6) 137,500 ; and 
that of No. 3 route between the same points is (6) 156,250 : the united 
effects reduce the resistance to, 
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W 137.6 X (6) 156,26 ^ 

(6) 137,6 + 2 X >/(6) 137,5 x (6)156,25 + (6) 156,25 *■ '' ' 
These operations virtually reduce our directing diagram to the form of, 



<-^. 





a\N \ ^^ > 




Referring to the above figuit) the i*esistances are : 

From a to g wa 4, 6, = (7) 78,071 

Prom a to b =(7) 31,250 

From b to g, y\z.^ b to m = (9) 200 

and m to g ria 2, 3,. . = (7) 36,607 = (7) 36,807 

From b to X ria cl p and q in No. 1 Route 

is, fi'om b to p = (6) 218,750 

and from p through q to x . . = (9) 600 =(6) 219,350 

From g to X = (8) 7,060 

We now require to determine the proportions in which air would divide 
itself over the series of routes offered to it, disposed as in the above dia- 
gram, with respect to each other, and having the specific resistances given 
above— where, it will be seen, a branch or split from one current, afler 
leaving its parent current at b, joins anot.her current at g, and in union 
with it traverses some distance, till at x they are joined by the parent 
current itself, and thence pi'oceed, in a imited state, to the shaft at z. 

In such a case, when the entiit? quantity of air, or the sum of all the 
currents is 1 cubic foot })er minute, (the unit which has been adopted as 
a standard for finding our specific resistances ;) if we represent by c the 
quantity in the route which the branch current joins; and if we represent 
the quantity of the branch current itself by b, then will (1 — c) be the 
quantity in the pai*ent current, before the branch cmrent separates from 
it; and (1 — c — b) will be the quantity in the parent current after the 
branch curi*ent has left it ; while the current of c will be increased to 
(c -f b) after being joined by the branch cui-rent. 

And if m represent the specific resistance of an air-way, eijuivalcnt in 
transmitting power to the joint action of all the air-ways ; that is to say. 
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if m = the pressure^ in feet of air-column^ capable of transmitting one 
cubic foot of ail* per minute^ throu^^h the air-ways ; and if, in addition 
thereto 

The specific resistance in the fmH traversed by 1 » o is m^ 
Do. Do. c is m^ 

Do. Do. b is ms 

Do. Do. (1 — c — b) is m^ 

Do. Do. (c -h b) is m^ 

Then, since the currents will necessarily so divide themselves over the 
three routes leading from a to x, that the loss of pressure, owing to the 
resistances encountered in each route, shall be exactly the same in the 
two currents uniting at x ; and also in those imiting at g ; reckoning the 
loss from the points where they respectively separated from each other. 
And since the square of the quantity of air in each part, multiplied into 
the specific resistance of that part, is equal to the pressure expended on 
the resistances, we obtain the following senes of equations : 

m = (1 - cy mi 4- b^ m, -f (c + b)« m, [IIG] 

m = c^ m, + (c + b)^ m, [117] 

m=(l - cymi + (l -c- b)-m, [118] 

The origin of which may be better seen, perhaps, by reference to the 
following sketch, where the quantities and resistances are marked on the 
routes to which they apply ; the compression of the air of the currents, 
at the points where they separate or unite, necessarily being the same. 

In the above equations ni, = (7) 31,t?o0, iiig = (7) 78,971, m^ = 
(7) 30,807, m, = (0) 219,350, ni, = (G) 70d, and it is required to find 
the values of the quantities of air represented by c and b together with 
that of m. 

Deducting [117] from [110] we obtain 

(1 — c)' mj -f b- nia — c'- mn = o [119] 

and by deducting [118J from [110] we obtain 
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b- m, -f (c 4- l>)- m, - (1 - c — I))* m, = o [120] 

and from [110] there comes 

y= c'm,-(l-cym, 

mg L J 

And since it would require the solution of a ])iquadratic equation, to 
find the values of c and b from the above equations, it will perhaps be 
best to ascertain their values by approximation, or trial and error, accord- 
ing to the foUowinf^ Itule. 

Firsts, suppose or assume any value for c less than unity, because c is 
but a part of the whole air, which has been taken at unity or one cubic 
foot i)er minute ; and substitute the valuo so assumed for c, in [121], and 
then^ by that equation, proceed to find the con*esponding' imaginary values 
of b' and b ; and substitute their vahies so found, in [120], together with 
the assumed value of c ; and then, if the assumed values are correct, 
the positive and negative pai'ts of the equation [120] will be equal to 
each other, as is indicated by the terms of the equation ; if the positive 
terms exceed the negative tenns in value, the error will be the excess in 
question, and be called a + eiTor ; if, on the other hand, the sum of the 
negative terms is greater than the sum of the positive teims, the excess 
will be called a — error ; when the error Ls a plus error there must be 
assumed a new value of c, less than the first assumed value ; and if on 
the other hand the error is a minus one, we must assume a new value of 
c, greater than the first assumed value ; and proceed as with the first as- 
sumed value of c, by substituting it in [121], and finding the correspond- 
ing values of b^ and b ; also as before ; substitute these new values of c, 
b* and b in [120], and again find the error or difference between the 
positive and negative parts of the resulting equation ; marking the error 
+ when the {x>sitive pai*ts exceed the negative ones; and marking it — 
when the negative parts exceed the positive parts, in value. 

Then multiply each assumed value of c, by the error arising from the 
use of the other assumed value of c. 

After having proceeded thus far, the mode of operatmg will depend 
upon the kind of signs with which the errors are affected. 

Ist. If the errors be of the same affection, that is if they have like 
signs, so as to be both -f , or both — , then subtract the one pro- 
duct from the other, and also the one error from the other, and 
divide the former of these two remainders, by the latter; and the 
quotient will be an approximation to the value of c. 

2nd. If, however, the errors be unlike, in their signs, the one being 
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positive, and the other negative, then add the two jiroducts to- 
gether, and also add the two errora together ; and divide the 
former sum by the latter, and the quotient will be an approximate 
value of c. 
The first approximation to the value of c, so found, may now be made 
use of, by finding the error to which it gives rise, and using it, in con- 
junction with a new assumed value of c, and its corresponding error, to 
approximate nearer to the true value of c ; or two new values of c, one 
a little greater, and the other a little less than the first approximate value 
of c may be made use of in a precisely similar manner to the two 
origmal assumed values of c, to arrive at a nearer approximation to its 
true value ; and these processes may be repeated until we have determined 
the true value of c, to any re<juired degree of nicety. 

Now we have, in the example in hand, taken, in reference to the case 
just investigated: 

mi or a to b = •000,000,031,250 

mj or a to g via 4,6, = -000,000,078,971 

m, or b to g wia m in 2, 3, = -000,000,036,807 

m^ or b to X ma c, 1, p, and q, in No. 1 = -000,000,219,350 

m, or g to X = -000,000,007,050 

wliich may be illustrated by the following diagi-am — 

Let us, in proceeding to find the values of c and b, first assume c = '4 
and conseqiiently (1 — c) = -0, and by [121], 

. -10 X (7) 78,971- -30 X (7)31250 ^ 
b« - (7) 36807 ^^^^^'^ 

and, 

b = s/ -037(321) = -19398 

and therefore, by [120], 




m 
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•037629 X (7) 36807 + -SOSOS- x (8) 705 - 40002« x (fi) 219,35 = 

- (7) 33,2877 

which is the negative error arisinp; from assuininp^ '4 as the vnhie of c. 

Now let *437 he assumed as a new value of c, and then (1 — c) = *563 ; 
and hy [ISlJ, 

., , _ '487^ X (7) 78,971 - -5 6 3^ x (7 ) 31200 ^ .^^^go 

(7)30,807 
and consequently 

h = ^/''lAU02 = -37499 

and by [120] 

•14062 X (7) 36807 + -81199^ x (8) 703 --18801= x (6) 219,35= (8) 20705 
which is the plus error corresponding to -437 ns an assiunod value of c ; 
and by the Rule given 

-SUPFOSITIOiri. nBo&s. vboditts. 

-4 — (7) 32,287,7 = (7) 14,109,72 

•437 X ^ ^8) 2,070,6 = (9) 828,20 



sums (7) 34,358,2 (7) 14,937,92 



and 



__>_J 1 1 == '43477, which is the first apiiroximatioM 

(7) 34,358,20 ' '^ 

towards the value of c. 

To proceed, let this approximate value ofche adopted as anew as- 
sumed value of c, giving c = -43477; and (1 — c) = -50523; and 

b« = '^'^'^'^'^('^) 78971--5052yx(7) 31250 ^ .^g^gg 

(7) 30807 

and consequently, 

b = v^ -13430 = -30047 
and hence, by [120], 

-13430 x (7) 30807 -f -80124' X (8) 705--1987C=x (0) 21935=(9) 8030 

so that this new supposition of c being = -43477 gives a plus error of 

(9) 8036 : and if we further approximate to the true value of c, by this 

and the precedmg supposition ; where the value of c was taken at -437, 

and tlie result was a plus eiTor of (8) 20705 ; we obtain, 

•437 ^ (8) 20705 = (9) 9001912 

-43477 ^ (9) 8036 = (9) 3511732 

Differences (8) 12069 = ( 9) 54901 80 
and ' 

(9) 549,018 .^^^^ 1,. 1 . ,1 1 ' , I 

{R^ l*>r (\i)() — ~ '4333o which is the second approximah; vidue 
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of c ; and as this is very close upon the actual value of c (as may bo seen 
by substituting it in [110], [117] and [118]), wo shall adojit it, and hence, 

c = -43335 ; (1 - c) = -56065 ; and, by [119], 

y,^ -43335° X (7) 78971 - ■56605« x (7) 81550 ^ .^3^3 

(7) 36807 

and, 

b = ^/•1303 = -30097 
and consequently, 

(c 4- b) = -79432; and (1 - c -b) = -20508 

and by substitution in [110], [117], and [118], 

m=-5ee6«x(7)31250-f-30097»x(7)3C807+79432«x(8)705=(7)192783 

in=-43335« x (7) 78971 + -79432^ x (8) 705 :=(7) 192782 

m=-5e006*x (7) 31250+ -20508- x (0) 219350 =<7)193134 

the average of which values of m ==(7)192899 

Tlie value of m, (representing the total pressure required to overcome 
tlie resistance encountered by the air in the whole of the passages or 
routes leading from a to x, when one cubic foot per minute is the total 
quantity transmitted by all the routes acting in aid of each other), it 
will be seen, differs but little fi'om the average, in any of the equations, 
each of which embrace a passage not included in the others ; this slight 
discrepancy arises from our not having approximated more closely to the 
actual value of c; we may, however, safely adopt and consider the 
general " drag " or specific resistance, as being 

m = (7) 1929 
and b}' adding to this, the specific resistances of the downcast shaft, fur- 
nnco, furnace drift, and upcast shaft ; which are traversed by the entire 
body of air in the mine, and which together amount to (7) 409, wc 
obtain the entire drag on specific rcjsistance of the mine = (7) 001 9 ; 
which is, in fact, the feet of air-column required to genei-atc the uecessai-y 
])ressure, for transmitting one cubic foot of air per minute through such 
a mine. 

II' we assume that after the change of air, the same amount of venti- 
lating pressure is employed, as was supposed to exist before the change 

rjT' 

was made, which was 100 feet of air-column ; then, since Q = J — » where 

no constant forces of different amounts oi>erat<; to affect the ventilation 
througli the air gi'avitating in ascending or descending parts of the 
routes, beyond what is embraced by P, and acts in common, and equally 
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on each of tho different routes^ we have the total quantity of air circu- 
lating per minute, in the mine, after the change^ 



«=i 



^^^ = 38,809 cubic feet. 



(7) 6619 

The quantity circulating before the change, under tlie same ventilating- 
pressure of 100 feet of air-column, was only 20,649 cubic feet por minuto ; 
shewing that the change would, if tho same pressure were employed, 
cause an increase in the general ventilation of more than 88 per cent., 
on the original quantity in circulation, before it was effected. 

In pituitice, however, it might be important to determine the quantities 
which would circulate in each individual route after the change should be 
made; and this is done as follows, for the case in hand. The quantity 
m each route will be proportional to the entire quantity circulating in the 
mine, when the gravitation of the air in the ascending and descending 
ports of the air-ways does not affect the results, and hence, 

As 1 : Q :: (1 — c) : Q(i — c), or 

As 1 : 38,869 : : -56605 : 22,025 cubic feet from a to b ; 
and As 1 : 38869 : : -43335 : 16,844 do. fi*om a to g ; 

from which it will be seen, that we have only to multiply the (piantity 
which is due to any route (when one cubic foot per minute is supposed to 
he the total quantity of air divided amongst the whole of the routes or 
splits), by the total quantity in circulation at any time, to obtain the 
quantity due to that particular route ; so that, 

(1 — c) Q = -50665 X 38869 = 22,025 cubic feet from a to b 

c Q = -43335 X 38869 = 16,844 do., from a to g in 4, 5. 

38,869 do., total. 

And in like manner, 

(1 - c — b) Q = -20568 x 38,869 = 7,095 cubic feet, from b to x via 1 . 
(c + b) Q = -79432 x 38,869 = 30,874 do. from g to x. 

"SpOO do. total. 

And 

b Q = -36097 X 38,869 = 14,030 cubic feet, from b to m and in 2, 3. 
But the quantity 22,025 cubic feet ][)er minute, passing fi-oni a to b, 
will be distributed over Nos. 1, 2, and 3 routes ; and since 7,995 has 
been found as due to No. 1, the remainder 14,030, (found diiectly as 
above), will be divided between routoii, Nos. 2 and 3 : and since the :^pe- 
cific resistance of No. 2, from m to ^, is (0) 137000; and that of >Vo. 
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3 is (6) I5C35 ; and of these routes acting jointly, (7) 30C07 ; in cacFi 
instance from m to g ^ by [70] 

I (7) 30607 
140,30 J ^^^ j^^y^ = 7,239 as the quantity in No. 2 rout^ 

and 



14,030 J ^^: ^^y^ = G,791 = the quantity in No. 3 splits 

their sum being 14,030 = the quantity passing from b to m as above. 

And similarly, having found 10,844 cubic feet to be the quantity 
passing fi'om a to g via splits Nos. 4 and 5 ', and the specific resistance 
of No. 4 route (6) 040,925, and of No. 5 (6) 1876, their united oixira- 
tion reducing it to (7) 78971; so that, by [70], 



10,844 



^ ^ ' r = 5,913 = cubic feet per minute in No. 4 



(0) 040,925 ' ,., . ' , 

^ ^' ' split, from a to g 



and 



10,844 



?nl l^^»l^ = 10,931 = cubic feet per minute in No. 5 
(6) 187,5 T. r * 

^ ^ ' spht, u'om a to g 

Their sum being . . 10,844, as before found. 

Wo have therofore determined the quantities in each of the spUts to be 
'AA follows : — 

Cubic Feet per MioHtc. 

In No. 1 split fi-om btox = 7,995 

In No. 2 split from m through ntog = 7,239 

In No. 3 split from m through 1, y, to g = 6,791 

In No. 4 split from a through w, v, d, e, f, r, to g . . s= 5,913 

In No. 5 spUt from a through e, h, i, k, y to g ' = 10,931 

Giving as the total quantity of air in the mine .... 38,809 
cubic feet per minute, as already stated. 

The sum of the quantities in Nos. 1, 2, and 3 routes, = 22,025 cubic 
feet, traverses the passage from a to b. The sum of the quantities in 
Nos. 2 and 3 routes passes from b to m, and is 14,030 cubic feet. 

The sum of the splits Nos. 2, 3, 4, and 5 passes from g to x, and is 
80,874 cubic feet per minute. 

The total quantity of air in the mine, 38,809 cubic feet per minute, 
ji.isscs down the downcast shaft at a, and also from x, through z, and 
ap the upcast shaft. 



tm. 
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It can be sliewu that the prcssura required to overcome the resistances 
encountered by each pai'ticular split of air, considered in its passage from 
the top of the downcast shaft, to its reaching the top of the n|)cast shaft 
win be of equal amount 

Since the conditions we have supposed, presume that the air is neither 
accelemted nor retarded by the gravitation of the air in the workings of 
the mine, and only the gross ventilating pressure operates in each route } 
it results that [07] the squara of the quantity of air, in cubic feet per 
minute, circulating in each route, or part of a route, multipUed by the 
specific resistance of such route, or part of a route, will give the total 
height of air column required to overcome the resistances encountered, 
and to pro][)el such air thi'ough such route, or part of a route ; and there- 
fore, the sum of all the resistances, so found, for any j)articulai* quantity 
of air (from its entering the downcast, up to its being expelled 
from the top of the upcast shaft,) will be the total ventilating pressure 
employed ; expressed in feet of air column. 

Taking first the air in No. 1 split ; it, in common with that in aU the 
other splits, encounters the resistance of the downcast shaft, and also that 
offered by the furnace, fuiiiace drift and upcast shaft. 

The specific resistances of the parts in question consist of, 

That of the downcast shaft (7) 11,725 

From X through upcast shaft (7) 35,175 

Or, on the whole (7 ) 46,900 

and hence the pressure absorbed by these passages is 38,809' x (7) 40,900 
= 70'85C feet of air-cohimn. 

The air in No. 1 route encounters, in common with that in Nos. 2 and 
3 routes, a further resistance in passing from a to b, 22^025* x (7) 31,250 
= 15*159 feet of au'-coluran 3 the sjiecific resistance of this portion of the 
air-ways being (7) 31,250, and the sum of the quantities of air in these 
routes being 22,025 cubic feet per minute. 

The air in No. 1 route encounters alone, from b, through c, to p, a 
.specific resistance of (0) 218,750; and a further specific resistance of 
(9) GOO in passing from p, through q, to x ; or of (0) 219,350, on the 
whole ; the quantity of air in the split being 7,995 cubic feet per minutej 
and hence these jwrtions of tiir-way require, 7,995" x (H) 219,350 = 14-021 
feet of air-column to propel tlie air through them. 
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The entire pressure in feet of air-column^ due to the circulation of the 
air in No. 1 route^ will, therefore^ consist of the pi*ossures due to^ 

Shafts, furnace, and furnace drift = 70-8oG 

From a to b = 15*159 

From b through c, p and qtox = 14-021 

Or on the whole the pressure is 100-036 

feet of air-column ; which, but for errors due to fractions, would have 
been exactly 100 feet. In Nos. 2 and 3 routes or splits, the air, besides 
encountering the resistances in the shafts, furnace, and furnace drifts, 
together with that of the air-way extending from a to b, also meets with 
the resistance of the air- way from b to m, whereof the specific resistance 
is (9) 200; the pressure expended, 14,030* x (9) 200 = .039 feet of air- 
column. 

The air in No. 2 route also encounters alone, the resistance arisinir in 
the passage from m through n, to g; the specific resistance being (G) 
137,500, and the air 7,289 cubic feet per minute; requiring a pressure of 
7,239»x(6) 137,500 = 7-205 feet of air column. 

The specific resistance of the au-'Way from g to x is (8) 7,050, and is 
trayersed by the air in Nos. 2, 3, 4 and 5 routes or splits, amounting to 
30,874 cubic feet per minute : the pressure expended on the resistance is 
therefore, 30,874« x (8) 7,050 = 6*720 feet of air column. 

On the whole, the resistance due to No. 2 split requires a pressure 
composed of, 

Shafts, furnace, and furnace drift =^ 70'856 

From a to b as in No. 1 split = 15*159 

From btom = 0-039 

From m through ntog • = 7*205 

From g to X " = 6*720 

Or, on the whole the pressure is 99*979 feet 

of air column ; which, but for fractions, should have Ixjen 100 feet ; from 
which, it will be perceived, it differs in a very slight degree. 

The air-way extending from m through 1 to g, has a specific i*esistanco 
of (0) 156,250, and is traversed by tlie air of No. 3 split alone, and there- 
fore absorbs a pressure of, 6,791* x (6) 150,250 = 7*206 feet of air 
column. 

The entire resistance encoiuitered by the air in No. 3 split, therefore, 
arises as follows : — 
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Shaftsi furnace, and furnace drift = ?0'8o(3 

From a to b = lo'150 

From L to m = 0039 

Prom m througli Itog = 7-20G 

From g to X = C720 



Amoimting in all to 99'980 feet 

of air-column. 

The specific resistance of the air-way extending from a thi'ough w^ r, 
d, and f^ to g, is (C) 640,925, where it is tmversed only by the air in No. 
4 split 'y the cntira pressure required to overcome the whole of the re- 
sistances encountered by such air, consists of that due to the above or 

5,913' X (6) 040,925 = 22409 

Shafts, furnace, and furnace drift = 70*850 

From g to X = 0720 

Giving as the entii-e prcssiu'c expended 99*985 

feet of air colunm j again approaching very closely to the ventilating 
pressure of 100 feet. 

In No. 5 spUt, we have the specific resistance of the air-way extending 
from a through e, h, i and k to g, equal to (G) 187,500 ; where there is 
10,931 cubic feet of air per minute, or the mere quantity due to No. 5 
split ; requiring therefore a pressui-e of 10,931^ x (G) 187,500 = 22*404 
feet of air column. The entire pressure due to this air consisting of, 

Shafts, furnace, and furnace drift =: 70*85G 

From a through e, h, i and k to g = 22*404 

From g to X = 6*720 

Amountinsr on the whole to 99*980 



feet of air-column ; a very near approximation to the entire ventilating 
pressure of 100 feet. 

Collected, therefore, we have the pressures due to each of the splits^ 
as below ; where the errors arising from the fractions, and from the difference 
between the true quantity, and the approximation to the quantity of air 
passing out of No. 1 split, througli Xos. 2 and 3 routes, are exhibited — 

Preiuurf K in teet Errors in (ho 

of air column. calculation*. 

No. 1 split 100*030 4- -030 

No. 2 do 99*979 - 021 

No. 3 do 99*980 - -020 

No. 4 do 99*985 - -015 

No. 6 do 99*980 - 020 
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So that tlie calculated pressures, in no case, differ from tlic assumed ven- 
tilating pressure of 100 feet of air column by more than l-2,777tli j)art ; 
affording suflScient evidence of the general correctness of the calculations. 

It may be seen, that when only 20,649 cubic feet of air per minute 
were circulating, before the change of air was supposed to be effected, in 
the foregoing example, there was required a pressure of 80 feet of air 
column, to drive this quantity of air through the workings of the mine ; 
leaving only 20 feet of air-column to overcome the resistances of the 
flhafb And undivided air-ways at the furnace and furnace drift ; the effect 
of the change of air being to reduce the expenditure of pressiu'O on the 
workings, to 29*144 feet of air column, even on the increased quantity of 
air; thus leaving, out of an equal gross ventilating pressure, 70-85G feet 
of air-column to overcome the resistances encountered by the air in the 
shafts, furnace and furnace diift ; and hence the great increase in the 
quantity of air put into circulation in a given time, after making the 
change of air. 

The preceding results plainly indicate the great benefit arising to ven- 
tilation from reducing, virtually, the specific resistances of the air-ways 
of a mine, by ventilating them, as far as may bo safely practicable, with 
a number of distinct splits of air. 

If the ventilating pressure were independent of the area of the shafts 
and undivided air-ways near them, they should be made of the greatest 
practicable ai'ea, to ensure the best results in ventilation. This is the case 
with reference to a downcast shaft and all level air-ways, whatever may 
be the power employed ; but when furnace ventilation happens to be the 
I>ower made use of, there will probably exist a limit to the area of the 
furnace di-ift and upcast shaft, to exceed which would operate preju- 
dicially on the ventilation of the mine, all other things being the same ; 
inasmuch as the cooling of the air, in the air-ways and shafts, traversed 
by it after passing over the furnace, will become greater, and greater, as 
we cnhu'ge their area, and thereby reduce the ventilatuig pressure. 

At the same time any enlargement of these air-ways must be attended 
with a reduction of their specific resistance, which would be to set against 
the increased loss by cooling ; these, in fact, are leading elements for 
consideration in determining what is the best possible ai*ea of section to 
be given to upcast shafts, in order to realize the maximum ventilation 
by the consum])tion of a given quantity of fuel, when the power em- 
ployed is that of furaaces. The specific resistance offered by the down- 
cast shaft and workings would, liowevei*, also require consideration in 
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determining tliis miich disputed question ; and since the amount of tlie 
specific resistances of the air-ways would not remain constant^ in the 
same mine, for any great length of time^ the upcast shaft could not re- 
main of the best possible area for any longer period ; yet it is possible 
that it might be so little effected by changes in these resistances as prac- 
tically, if not scrupulously, to do so ; and therefore the matter appears 
to be one well worthy of a strict investigation. 

A general examination of the example given in the preceding part of 
this chapter will show that in order to be able to determine, a priori^ the 
exact (piantity of air which will circulate in each split under any given 
or assumed ventilating pressure, it is necessary to ascertain the specific 
resistances of each separate part of the shafts and air-ways, which ai*e to 
be traversed by (piantities of air of different amoimts, and then to put 
the results into the form of equations, on the piinciple of the baro- 
metrical pi-essm*e of the air at all the points of sopai*ation and reiinion of 
the splits of air being of equal amount, for each of the splits so separating, 
or uniting; while the total expenditure of pressure per unit of surface, 
must be equal to the entu'e general ventilating pressure emjJoyed, except 
in so far as the effects of the gravitation of the air in any of the ascents 
or descents traversed by the air, having different tempei*atiu'es and den- 
sities, may operate to render the pressures required in some of the splits, 
greater or less than in others ; in cases where these causes of discrepancy 
exist it will become necossixry to introduce constants into the equations, 
representing the pressui-es generated, or absorbed, in each route or split 
of air ; and then to determine by them, the quantities of air due to each 
split, when some definite pressure is employed to produce ventilation; as 
in such cases, the proportion in which the air will divide itself over the 
different splits will vary with the amount of general ventilating pressure 
employed, and consequently with the total quantity of air put into circu- 
lation in a given time. 

As this communication has alreudy extended itself to perhaps too great 
an extent, it is not considered worth while giving any pavticuliu' example 
to illustnite a case of the above character. 
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JL. — Note on certain Formula for Jinding tlie Velocity of Air in 

Pipes, ^'c. 

When the form and dimensions of the section of any pipe^ flue^ or air- 
way, happen to be uniform throughout the extent of the passage^ a 
constant may be found; of such value^ that if the velocity which would 
have prevailed in the absence of resistances be multiplied by it; the 
quotient will be the actual velocity. 
Adopting the following notation — 
h = height in feet of head of air column; equal to the pressure 

employed; 
V = velocity in feet per minutC; due to the head h; if there were 

no resistances ; 
v = actual or observed velocity in feet per minute ; 
L = length in feet of pipC; flue, or air- way ; 
c = perimeter of section of air- way, in feet ; 
Q = cubic feet of air per minute; 
A = area of section of air-way; in superficial feet ; 
m = constant multipher for any given air- way; being the ratio of 

V to V, so that m = -— ; 

D"= diameter of pipC; fluO; or air-way, in feet, when the section is 
circular ; or the side of the section of the same when it is square; 

w = 3*1416, the ratio of the circumference to the diameter of a 
circle. 

Then, by [54] and [63]; 



j^^kLcQf _Q 

At "* OQl/n 



231600 A« 



fa] 
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and hence. 



A« I A ^ 231600 ) 



m 



and also^ 



Q 



hA 



kLc H- 



w 



231000 



In the absence of resistances, by [10], tlie velocity due to the head of 
air column, h, would have been 

V= n/ 231600 h [d] 

but by our notation 

[ej 



m = — 
V 



and by substituting in [eJ, the value of v in [c], and that of V in [d], we 
obtain, 



m = 



hA 



kLc-f 



231600 



N 231600 h 



ra 



which is reducible to 



m 



=j 



231600 k c L H- A 
and since v = Vm; and also V = >/ 231600 h 



fe] 



V = V231600 h X 



W 



231600 k c L -h A 
which is the general equation for the velocity v. 

When the forna of section is a circle D'"T~ = A ; and D ir = c; which 
values uf A and c being substituted in [g], gives 



m = 






231600 k D * L + D* -^ 

4 



D 



231600 X 4kL + D 



which may bo expressed thnti, 
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m = 



231600 X 4 k 



D 



[•1 



lh- 



231600 X 4 k 



D 



when the form of section happens to be a square D- = A, and also 
4 D = c; and by substituting^ these values of A and c, in lg]y wo obtain 



m 



N231C00X 4kDL+ D- -J 



D 



231000 X 4 k L + D 



which may Y)e expressed thus. 



m = 



231600 X 4 k 



D 


.^ + 


1 




231 GOO X 


4k 



....[k] 



D 



by which we see that the multiplier, m, has the same value in [i], as in 
[k] J that is, it is the same, whether the section be circular or square ; in 
either case the actual velocity is 



V = 



231600 h X 



231600 X 4 k 



D 


L + 

N 


1 




231000 X 


4k 



D 



By calculatins: the values of and also the square roots 

•^ " 231000 X 4 k, ^ 

of the same, for the various values of k, given in Table 1, we have 



Nature of Material 

comjpounf; interior surface 

of air- way. 


State 

of 

the 

Air. 


Values of k. 


Corresponding 
values of 

1 


Corresponding 
values of 


1 


231,000 X 4 X k 


>^ 231,000X4 Xk 


Clean Bricks or Pottery .... 

Old Tarred Cost Iron 

Old Buflty Sheet Iron 

TinniMl Iran ....•••«.•*••• 


Uot. 
Cool. 
Cool. 
Cool. 
Hot. 
Hot. 


•000,000,208,810 
•000,000,019,050 
•000,000,027,517 
•000,000,025,400 
•000,000,052,017 
•000,000,105,830 


40157 
5G^CG4 
39228 
42^498 
20-390 
102 


2-0039 

7-5275 

C-2633 

C-519 

4ol65 

3-1937 


Caat Iron, covered with soot 
Clean New Sheet Iron 
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B J substituting^ successively^ the tabulated values of 



231600 X 4 X k 



and J 03160O X 4 X k ^° P^' ^® obtain the following formulae for the 

passage of air through pipes^ flueS; or air-ways^ having an uniform and 
equal^ square or circular section ; when D is the side of the square^ or the 
diameter of the circle, as the case may be ; and v the velocity in feet per 
minute. 



According- to P^clet, when the 
material is Burnt Earth, (brick) 
or Pottery, — new, clean, and 
free from soot; the air being 
heated. 



According: to Girard, when the 
material is Cast Iron, — after 
longp use, and tarred or pitched ; 
the air beings cool. 



According to Girard, when the 
material is Rusty Sheet Iron ; 
and the air cool. 



=J 



V = 23I,C00 h X 2'0039 



L + 4-0157 D 



= 231,600 h X 7-5275 

4 N L H- 66-664 D 



[m] 



..[n] 



According to Daubuisson, when 
the material is Tinned Sheet 
Iron ; and the air cool. 



According to Peclet, when the 
material is Cost Iron, — after 
long use as a chimney, and 
covered with soot ; the air being 
heated. 



According to Peclet, when the 
material is New Sheet Iron, — 
free from rust and soot ; and 
the air heated. 



v = 



231,600 h X 6-2633 



J 



D 



L+ 39-228 D 






;31,600 h X 6 



•519 J 



D 



L+ 42-498 D 



=J 



231,600 h X 4-6165 



J 



D 



L + 20 399D 



=J 



v= 231,600 h X 31937 



I 



D 



>jL+10-2 D 



. . . . [o] 



[P] 



[q] 



[r] 



The fii*st of the preceding series of formulae, [mj, which answers to 
the passage of heated air through an air-way, exposing* to the moving 
air a surface of burnt earth (brick) or pottery, new, clean, and free from 
soot, may be considered as being identical with that which Mr. G. C. 
Greenwell ascribes to Mons. Peclet, and which he found to agi-ee very 
closely with an experiment made by himself, to ascei-tain the resistance 
encountered by air passing down the downcast shaft, through a gallery 
forming a part of the undergroimd workings of the Crook Bank Colliery, 



211 

and, after being heated by passing- over a ventilatinnp fumace, up thu 
upcast shaft. 

The formula in question would, in the notation here employed, stand 
thus 

V = V 231,600 h X 2-06 J ^^-^ f.,] 

the constants in which differ slightly from those given in the preceding 
formula [m], the cause of which I have not ascertained. 

It may, however, be proper to state, that although I do not perceive 
any formulae of the form of the above, in M. Peclet's "Traite de la 
Chaleur," tlurd edition, 1844; the only work by M. Peclet in my posses- 
sion; yet I observe that Mens. M. P. Berthier in his "Traits des Essais 
par la voie sdche," exhibits a formida agreeing with [s], which he ascribes 
to M. Peclet. 

The formidsB given in this memoir, in relation to the subject here under 
consideration, have been constructed from the general laws ascertained to 
prevaO, in experiments made by different persons, ns I'ecited in Chapter 
I; the constants depending on the value of the coefficients of resistance 
k, being deduced from those given by Mons. Peclet in the work already 
alluded to; where the coefficients are 47,245 times gi'eatcr than are 
suited to the formulie here given, so that this has been accomplished by 
dividing the constants given by M. Peclet, by that number; which arises 
from the continued multiplication of the number of English feet in a 
French metre, 4, and the square of tlie number of seconds contained in 
a minute, (d,GOO), into each other ; thus, 

3-2809 X 4 X C0« = 47,24 4-9(J. 



II. — Note 071 the Coefficient of Hesistance due to Steam in Pipes. 

It may be interesting to know, that from an experiment made by Mons. 
Rudler, M. Peclet deduces two limits of the value of the coefficient of 
resistance encountered by steam in passing tlirough a pipe, one being 
•0032, and arises on the presumption of the escaping steam expanding to 
the volume due to the pressure of the atmosphere ; and the other -004, 
which arises out of the experiment, on the supposition of the steam hfiving 
escaped at the pressiu'e and volume due to the steam in the boiloi-, 
which was loaded above the atnios})heric pressure to the extent of 0*"'2 uf 
mercurv. 
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These quantities would give the pressure of the steam, over that of the 
atmosphere, as 39-3708 x 0"2 = 7-8741 English inches of mercurj' ; 
and the coefficient of resistance k (as suited to the formulae in this me- 
moir) as being 

•0032 
^ " -mW = •000»000,067,73 

if the steam escaped with the volume due to the pressure in the boiler, 
without undergoing expansion ; but if, on the contrary, the steam be 
supposed to have escaped in an expanded state, at the pressure due to 
the atmosphere, then, from this experiment 

•004 
k = -4^55- = -000,000,084,66 

and hence the actual value of k, in this experiment, may be considered as 
lying between these limiting values. 

M. P^clet does not state what was the nature of the material com- 
posing the escape-pipe used in M. Rudler's experiment, as he concludes, 
I fear on too slight grounds for reliance, that the resistance encountered 
by steam flowing through pipes, will not vary, as in the case of air, with 
the nature and state of the interior surface of the pipe ; presuming that 
the steam will move against a thin film of water, adhering to the inner 
surface of the pipe, arising from the condensation of the flowing steam, 
and consequently rendering the coefficient of resistance independent of 
the nature and state of the material composing the conducting pipe. 

It appeal's rather surprising, that more numerous and decisive experi- 
ments have not been made, to determine the coefficient of resistance due 
to steam moving through pipes ; seeing that it bears so closely on the 
proper working of steam engines. 



III. — Note on a Formula relative to the Flow of Oas throvgli Pipes, hy 

Mr. Ilawltsleyy of Liverpool. 

Our worthy President, in laying before the membei-s of this Institute, 
the result of his numerous and valuable experimental inquiries into the 
relative valuo of tht* Furnace and Steam Jet in the ventilation of Coal 
Mines, notices a formula for finding- the velocity of gas, flowing through 
gas-pipes, wliicli ^Ir. Tlawksley, of'Liverimol, is said to have deduced from 
experiments on gas conveyed in j)ij>es many miles in extent. 
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^le formula in question is 



V=:1W 

Where 



( 4?+448)^' ^^^ 



1 m + 360 s 



y s velocity of gas in feet per second. 

T = avemge temperature of upcast shaft. 

D = depth of upcast shaft in feet. 

t = temperature of downcast shaft 

s = sectional area of air-courses in feet. 

m = perimeter of section of air-courses in feet. 

1 =s leng^ of air-courses in feet. 

(y — t V 
7^4, 44ft jD is evidently the pressure, per unit 

of Bxahce, employed ; expressed in height of gas-column, in feet -, and is, 
therefore^ eqtdvalent to our symbol h^ as used in this Appendix. 

Again, s in the above, is identical with our symbol A ; m is tlie same 
as our c ; I in Mr. Hawksley's formula, agrees with our L; and v in Mr. 
Hawksley's formula, since it relates to the velocity in feet per J^econd, is 
only one-sixtieth part of the value of the same letter in this Appendix, 
which expresses the velocity in feet per minute. 

By replacing Mr. Hawksley's symbols with those we have already used, 
his formula becomes 

hA 



= 06 J 



L G + 360 A 
or 



X no 



In order to make tliis latter equation correspond with our equation [c], it 
is only necessary to multiply that part of the right hand member whicli is 

not embraced by the radical sign, by n/ k ; and, (thus preserving the 
value of the expression) to divide the remaining part of the expression 

by the same, or by V k, giving 



v = 5700 n/TT 



f"! 



>^kLc + 3C0kA 

and since, by [c]. 
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EX 



V = 



kLc -f 



231600 



wc oiig'lit to have, 



and licncc, 



6700 n/ k = 1 



k = -^ = -000,000,030,14 [v] 

If, in Mr. Plawksley's experiments, the gas escaped without suffering 
any contraction of the flowing vein, and if there were no other resist- 
ances to overcome than that of friction, as due to the pipes, we ought 
also to have had, 

360 k = . j^j^g^ 
and hence, in that case 

This discrepancy between the two values of the coefficient of resistance, 
as deduced from Mr. Hawksley's formula, admits, in all probability, of 
being explained in one of two ways ; both indicating that the actual value 
of k, as suited to our formulae, and derived from Mr. Hawksley's obser- 
vations, is nearly expressed by '000,000,030,14. 

In the first i)lace, if we suppose that no pressure was expended, ex- 
cepting that due to the velocity v, and the frictional resistance, yet if the 
pipes exposed an extensive rubbing surface in proj)ortion to the area of 
their section, in other words, if 1 c was very great in projiortion to A, 
then the formula given by Mr. Hawksley would not sensibly differ from 
observation, because the denominator of the fraction under the radical 
sign would not be materially increased by multiplying the small quantity 
A, denoting the area of the pipe, by 300, instead of multiplying it by a 
smaller, and more correct multiplier. 

Tlie multiplier according to the investigations contained in the pre- 
ceding part of this memoir, on taking the value of k at '000,000,030,14, 
would be 

231,600 X -000,000,030,14 
instead of 360 ; presuming there to have been no expenditure of pressure 
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levond that due to the velocity in the pipe, and the corre.sj)ondin<^ fric- 
tional resistances. 

If, on the other hand, Mr. Hawksley's forniiila were applied to pipes 
of short length, and presenting little rubbinp^ siu-face in proj)oi'tion to 
their diameter/ so far as we can rely upon the results obtained by Peclet, 
Girard^ and Daubuisson, it would indicate less than the real velocities ; 
unless, indeed, tbere happened to be an expenditure of pressure at a con- 
traction of the flowing vein, for which no allowance wore made in the 
calculation ; a circumstance, perhaps not unlikely to have occiuTed, and 
which might have the effect of accounting for Mr. Ilawksley liavin^,^ 
adopted the large coefficient of 300, instead of 143, as theory, and the 
experiments of other persons, would indicate to bo required, on the pre- 
sumption that •000,000,030,14 is the value of k, as suited to ordinary gas 
pipes. 

These remarks may be illustrated in the following manner ; suj)pose \vi; 
apply the formula [uj, corresponding in value with that of Mr. Ilawksley, 
to determine the velocity due to gus flowing under a pressure of 130 
feet of gas-column, through a pipe 500 yai'ds, or 1000 feet in length, and 
inches, or '5 of a foot in diameter } presuming the coefficient of re* 
sistance k to be -000,000,030,14 : we obtain, 

V = 5700 X V -000,000,030,14 

130X -s^x •7tfr)4 
•000,000,030,14 X 1600 X '6 X 3-1416 + 300 X -000,000,030,14 X b' X -7851 

= 590'73 feet per minute. 

In the above example, if we had used the number 143*C6, instead of 
Mr. Hawksley's constant, 360, we should have obtained the velocity as 
695*97 feet per minute, which only exceeds that given by Mr. Hawksley's 
formula, by about 1 per cent, of its amount. 

As previously stated this discrepancy woidd be greater, as the length 
of pipe is lessened, and its diameter increased ; but the existence of a 
ve)ia lontractaj either at the entrance, or exit ends of short jiipes experi- 
mented upon, if no du*ect allowance were made for their effects, would be 
likely to lead Mr. Hawksley to conclude that 300 ought to be the constant 
used in all cases; if indeed it was determined in an empirical manner fioni 
experiments. 

If we consider, therefore, that -000,000,030, U is the value of the co- 
efficient of resistance encounti'red by gas or air lluwiug through ordinary 
gas pipes, (of ca&t iron ?) we see that it is about 10 per tt-nt. greater than 
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the same coefficient; in the case of rusty sheet iron pipes^ as detemuned 
by M. Girard; and even 50 per cent, ^ater than in the case of cast iron 
pipes, coated internally with tar or pitch ; a &ct which almost induces 
one to suppose that the ventilation of mines, may hereafter come to h^ 
improved by coating the principal air-ways, but more particularly the 
shafts, with some substance, offering less resistance of a iiictionHl nature, 
than the ordinary bare walls generally present to the passage of the air. 



IV. — Note on the Discharge of Water through Pipes having a Cir-'- 

cular Section. 

The formula given by Eytelwein for finding the velocity with which 
water flows through a pipe is, 



V = 26-44 



PD 



L + 54D 



w 



where 

T = the v0locity in French metres, per second, 

P = the height of head of water-pressure, in metres. 

D = the diameter of the pipe, in metres. 

L = the length of the pipe, in metres. 

The above formula, on being so modified as to express by ▼, the velo- 
city in feet per minute ; by h, the height pf head of water, in feet ; by 
D, the diameter of the pipe, in feet ; and by L, the length of the pipe, in 
feet; becomes, 

' = '^^«-^JtWd ty3 

and may also be written or expressed thus 

V 231600 ^ L + 54 D ^ ' 

, . 2873-5 ._^ 

and since — — = 6'9709, 

V 231600 ' 

from wLut has been stated in a previous part of this Appendix, it may 
he seen that in this instance, 

4 231600 X 4 k = ^'^^^' '""' consequently 

^ = 23l600-x-T^35^ = 000,000,030,278 
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which 18 the Talue of the coeffident of resistance in the cose of wnter^ 
as soited to any of the fbrmnlsB contained in this memoir 3 a coefficient^ 
found by experience^ to be constant for water, whatever may be the 
nature or state of the internal surface of the pipe or passage, in which 
it flows. 

According, however, to the formalse given by the authorities pre- 
vionsly alluded to, we ought also, in this case, to have had 

281600 X 4 X 64 = ^ = -000,000,019,989 

which is only about two-thirds of the value of the same coefficient, as 
found from the preceding and more important part of the formula. 

The more correct value 000,000,030,278, of k, will, from the nature 
of the formula, be found to give results closely agreeing with practice, 
in any of the formulas which are given in this memou* : the number 54, 
occurring in the denominator of the fraction under the V 7 being 

probably too high, arising from the same causes as have been suggested 
for a similar occurrence, in the case of Mr. Hawksley's formula, for the 
passage of gas through ordinaiy gas pipes: indeed, it seems a little 
remarkable that Mr. Hawksley's constant, for gas in pipes, agrees so 
closely with the above, as due to water, according to the formula of Ey tel- 
wein J the former being -000,000,030,14, and the latter -000,000,030,278, 
while each of them give the multiplier, before alluded to, considerably 
greater than reasoning would indicate, and than has been found by other 
persons to agree with practice and experiments. 



Y.^^Note on the prevailing Ideas of Oas Engineers on the Discharge 

of Oas throtigh Pipes. 

In the " Mechanic^ Magazine,*' No. 1368, of Saturday, October 27, 
1840 ; a letter appears, of which the following is a copy : — 

FLOW OF OAS TOBOUOU PIPISS. 

Sib, — Id do dtspartment ofgn eogioeeriog is there more Deed of ezperimeutal infor- 
loation thao Id that of the flow of g^as through pipes, inasmuch as the results g-iveu us 
by rule do not agree witli those found in practice. 

I believe that the same inconsistency holds in regard to the flow of water and otber 
fluids ; but my experience being confined to gns, I will limit my obeervations to thut 
branch of the subject. 

I have read the best works upon the subject, and had tbe private opinions of the 
most eminent engineers, and, with one exceptioUj I have been lold that for tbe difiercnoe 



218 

of length, the discharge vill be inTenely as the sqanre roots of the lengths, and that, 
for different diameters, the discharge will be directly as the squares of the diameters. 

To take on instance : — A pipe, 6 inches in diameter and 600 yards long, is found to 
deliver 8,686 cubic feeti whereas the same pipe, if extended to 1000 yards in length, 
will only deliver 2,606 cubic feet This has been proved by experiment, and we will 
assume it to be correct. 

But we are told that a pipe, 12 inches in diameter and 500 yards long, will deliver 
only 14,744 cubic feet ; or, if extended to 1000 yards in length, its discharge will be 
reduced to 10,424 cubic feet. In both cases it will be observed that the amount said to 
be delivered by the 12-inch pipe is exactly four times that delivered by the 6-inch pipe, 
or as the square of the area (diameter ?) ; and here I disagree with those who have 
written before me. 

In a calculation of this kind there are involved a great many intricades; but I will 
pass over those minor considerations, such as the friction of the particles one against 
another, &o., which theory, perhaps, more than practice, would lay stress on, and 
merely advert to what appear to be the main causes requiring notice, namely, the gra- 
vitating power or inertia of the gas and the surfaces against which it has to rub during 
transmission, these having to be overcome by the force or pressure employed. 

Let us see then how this applies in the case before us. A pipe, 6 inches in diameter, 
is, in circumference, 18*8406 inches; and four such pipes equal in capacity to one 12- 
inch pipe, are in circumference 75'3984. Now, a pipe 12 inches in diameter is, in cir- 
cumference, 37*6992 inches, or Justone-half ; so that in one case we have double tlie 
rubbing surface which we have in the other. Under such oirounustances, I pronounce 
it physically impossible that the discharge can be the same. 

I am aware that some modem writers have remarked that there will be a slight ad- 
vantage in favour of the larger pipe, from the cause I have just mentioned ; but I con- 
tend that a passing notice of such an important point is not enough, inasmuch as large 
pipes, from 12 to 16 and 18 inches in diameter, will deliver from 40 to 70 or 80 per 
cent, more than the rule g^ves. 

We have found that when the 6-inch pipe was 500 yards in length, it delivered 3,686 
cubic feet, and when extended to 1000 yards in length, its delivery was reduced to 
2,606 cubic feet. Now, in thus extending the pipe, what did we do ? AVhy, increase 
the rubbing surface. We thus have a rule for calculating the effect of length friction, 
while side friction is entirely overlooked, just as if there was any important difference 
between the one and the other. 

For the reasons above stated I have been led to add one additional rule, viz., that 
the ditchar{/e will be inversely as the square root of the rubbing surface. A 12-inch 
pipe, therefore, will deliver at 1000 yards length 14,731 cubic feet, an addition of 
41 per cent. The difference appears more conspicuous in very large pipes ; thus an 18- 
inch pipe is reckoned to deliver, at 1000 yards, 23,454 cubic feet, whereas, by my cal- 
culation, it will deliver 40,677 cubic feet. 

1 um not able to say tliat I have proved this rule by experiments expressly mode for 
the purpose ; nevertheless, I am prepared to say that it agrees with my experience of 
the action of largo pipes better than any other rule I can apply. I therefore throw it 
bt Tore your readers to receive tlieir scrutiny, and shall be happy to hear of any rule that 
will answer existing objections better. 

October 18, 1849. (x^o. Andukson. 
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The rule proposed by Mr. Anderson in tlie text of tlio preceding letter, 
it may bo obsen'cd, does not ngree witli the rule by which lie has made 
the calcuIatioDS given in the letter, if even wo admit, as we evidently 
must) that he has used the expression, '^ or as tlio square of the area/' 
when he really intended it to have bcen^ ^^ or as tlie square of the dia- 
meter;" because the latter expression agrees witli the context, while the 
former is at variance with it. 

If by Q wo denote the quantity of gas discharged in the unit of time^ 
by D the diameter of the pipe, by c its circumfei-encc internally, and by 
L its length, each in tlie case which is taken as a datum, having been 
proved by experiment ; and if we farther denote by Q the quantity in 
any other case, in which D is the diameter, C the perimeter of section, 
and L the length of the pipe; then, according to the statement in the 
letter, the ordinary and erroneous rule gives 



N 



tQ 



But in a pipe, it is evident that the rubbing suvface is represented by 
the product of the length and the circumference of the section of the 
pipe; and since Mr. Anderson professes to have been led to add to the 
above erroneous rule, by way of rendei-ing it correct, on additional rule, 
viz., that the discharge will be inversely as the rubbing surface; we 
should have for his new rule. 

This rule, however, does not agiee with the calculations given by Mr. 
Anderson in his letter ; he has in fact made his calculations upon the 
more correct ])rinci|)lo of the discharge being directly proportional to the 
cube of the diameter, and inversely to the square root of the i-ubbing 
surface ; which gives a rule expressed thus, 

2>' 



Q = 



rfQ t^J 



ft rule which would be correct, and in accordance with the formuloe in 
tliis memoir, were it not that it omits to take cognizance of the pressure 
due to the generation of velocity ; and whenever the pressure exix?nded 
on the creation of velocity is a small proportion of the entire pressure 
employed, the nilo will give results nearly agi'eeing with those given by 
the formula? in this memoir. 
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In MV. Anderson's datam case^ where the discharge was 3,686 cubic 
feet per hour, or 61*43 cubic feet per minute, the pipe was 6 inchas or '5 
of a foot in diameter, and 500 yards or 1^500 feet long ; and if we assume 
the coefficient of resistance (as due to the formulae in this memoir) to have 
been *000,000;030,14^ as deduced from Mr. Hawkslej's experiments, we 
should have for the entire pressure employed, in feet of gas column j 
expressing it by P, 

_ 61'4y r -000,000,OSO,U X 1,500 X -5 X 81416 1 \ 

" (-S* X •7854) • V 5« X -7854 "*" 231,600/ 

or, 

P = 36-828 feet. 

Letting A == area of section of pipes in superficial feet. 

Q ^ the discharge in cubic fiaet per minute. 

w = 3*1416 the ratio of the circumference to the diameter of a circle. 

D = the diameter of the pipes in feet 

L = the length of the pipes in feet. 

g = the velocity in feet per minute, acquired by a body falling one 

minute under the force of gravity = 116,800. 
k = the coefficient of resistance, or the height of gas column required to 

overcome the friction on one superficial foot area of rubbing 

surface, when the velocity is one foot per minute ; in this instance 

taken at -000,000,030,14. 
By the formulse used in this memoir 



Q = 



^^' '.* f^] 



kLc + ^ 

2g 



and flince A = D' — ; and also c = D ir, when the section of the pipes 
is circular, we have, 



Q = 



t"^ 



4kL + ^ 

2g 



[C] 



and by this formula, 

Q = 61-43 when D = -5 and L = 1,500 
Q == 43-669 when D = -6 and L = 3,000 
Q = 34-549 when D = 1 and L = 1,500 
Q = 246-73 when D = 1 and L = 3,000 
Q = 07617 when D = 1-5 and L = 3,000 
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tjbe above values of Q being multiplied by GO will give the discharges in 
eaUc feet per hour, as due to the formulae in this memoir ; and tliis pro- 
cess^ combined with the use of the rule given in the formula [A], enables 
OB to construct the following table, shewing the near agreement between 
tko role used by Mr. Anderson, and the results given by the formulas in 
this memoir. 



DiAmeter 

of KM 

pipet in 

feet 


Length 

of gM pipe« 

in feet. 


DiMbftrgpe by 

what Mr. Anderson 

states to be the 

usual rule. 


Dischar^ as 

calculated by Mr. 

Anderson, by 

formula [^41. 


Discharge by 

the formulsB used 

in this memoir 

[C]. 






Cubic feet ^ hour. 


Cubic feet ^ hour. 


Cubic feet ^ hour. 


•6 


1,500 


3,686 


3,680 


3,686 


•5 


3,000 


2,606 


2,006 


2,614 


1 


1,500 


14,744 


20,848 


20,730 


1 


3,000 


10,424 


14,731 


14,744 


1-5 


3,000 


23,454 


40,677 


40,510 



Dr. Ure, in his ^^ Dictionary of Arts, Manufactures and Mines," erro- 
neoudy states that the discharge from the end of a pipe is directly pro- 
portional to the square of its diameter, and inversely as the square root 
of its leng^ ; whereas, when all other things are constant, and the 
pressure expended on creating velocity is so small that it may be neg- 
lected, the discharge is proportional to the square root of the fifth power 
of the diameter of the pipe, or what is the same, to the diameter of the 
pipe raised to the power of two and one half. 

In pipes where our coefficient of resistance k = '000,000,030,14, 
(unless the pipes are very short), we will obtain sensibly correct results 
by using any of the following formulte, 



Q = 134,916 



LI) 



X I^ 



[^] 



Q = 134,916 
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or in log^arithms, 
Log. Q = 61300647 + ^?- P ^ i^S- D^ ^) -^- L ,, ^p] 

This may be yerified by applying them to the cases given in the last Table^ 
taking P = 35*828 feet^ as was done in constructing the Table, and as 
was necessary from the nature of the case, if we admit k to have been 
•000,000,030,14. 



ERRATA. 



78 page, 15 lines from top, for pipe read pipes. 

84 

94 

97 

98 

99 
132 
160 



1 1 lines from bottom, far [4] read (4). 
10 lines from top, insert a comma after the word shaft. 

8 lines from bottom, ybr equitation read equation. 

12 lines from bottom, for time read mine, 
insert the si^ of equality = after T, in formula [34]. 
19 lines from top,yar one cubic ieeiread one cubic foot. 

5 lines from bottom, for downcast shaft read downcast column. 
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NORTH OF ENGLAND INSTITUTE 



OF 



MINING ENGINEERS. 



MONTHLY MEETING, THUHSDAT, FEBRUARY 8th, 1855, IN THE ROOMS 
OF THE INSTITUTE, NEWCASTLE-UPON-TYNE. 



EDWARD POTTER, Esq., in the Chair. 



The Secretary having read the minutes of Council the following 
gentlemen were elected Members : — 

Dr. Richardson, Newcastle ; James Hall, Stenton Iron Works, near 
Derby ; John George Bell, Newcastle ; Peter Higson, Manchester. 

The Chairman begged to apologize for the absence of their worthy 
President, who, according to a telegraphic message sent to the Secretary, 
was prevented attending that day in consequence of the roads being 
blocked up with snow. With respect to the principal subject for consi- 
deration, viz., that of the establishment of the Mining College, he thought 
they would all agree in thinking that it was a very important matter 
to bring before the coal trade. Mr. Taylor, he knew, had some obser- 
vations drawn out on the matter, but that gentleman was not inclined to 
submit them to the meeting without the sanction of the President. Mr. 
Taylor had a few minutes ago been called away on business, and he 
could not say whether he would be back again. He, however, begged 
to inform them that a meeting of the Coal Trade was held on Tuesday 
last, at which the subject of the Mining College was most favourably 
considered, and a re(K)rt by the Committee of the Trade was read. 
The meeting unanimously pnsstMl a resolution conciuring with the report 

Vol. III. — Feb., 1855. 



224 

of their Committee and also with the I'eport of the Mining Institute^ as 
to the desirability of establishing a College for the advancement of 
practical mining and manufacturing science in Newcastle. As these 
documents were in the hands of the Secretary he would call upon him 
to read them to the meeting. 

The Secretary then read the following repoit and resolution :— 

EXTRACT FROM REPORT OF GENERAL MEETING OF THE COAL TRADE. 

NewcasUe-on-Tyne, Coal Trade Office, NeriUe Hall, 

February 6tb, 1855. 

Your Committee now turn, not without gpratification, to another topic which is 
unquestionably indicative of the advancing' state of the trade — this is the Report of the 
Council of the North of England Institute of Minings Engineers on the proposed estab- 
lishment of a Colleg'e of Practical Mining Science, at Newcastle-upon-Tyne, laid before 
this Committee by that body, and now in the hands of the Members of the Trade 
generally. Presuming that the details of this Report are known to all present, the 
Committee can only proceed to impress upon the Lessees and Lessors also of Collieries 
and Mines the vital importance of giving the proposals, embodied in the document 
referred to, their best and most favourable consideration. The period has hardly 
arrived for the Committee to venture a conclusive opinion as to the most eligible mode 
of raising such funds as may be requisite to erect such an Institution, on a highly 
respectable and thoroughly independent foundation, and to secure its permanent utility 
when so established. But they may express their belief that such support cannot be 
safely left to spontaneous liberality. It appears to them, on the contrary, desirable 
that the wealthy and influential interests engaged ia the great trades of raising, mani- 
pulating, and shipping the coal, lead, and iron, with which these counties abound, 
in all the forms and combinations which these materials are capable of entering into or 
assuming, together with such friends to the undertaking, out of these districts as may 
be disposed to aid it, should join in procuring either a Charter or an Act of Parliament, 
of such a nature as would, for a given number of yeai-s, secure the accruement of the 
funds neceHSory to give prosperity to the Institution, as well as such smaller permanent 
p^cuDiary aids as might, in future time, be essential to the entire utility and vitality of 
such II n esttiblisliment. Your Committee, on tlie present occasion, deem it their duty 
to express generally, their warm approbation of tlic scheme, as sketched in the Report 
of the Council of Mining Engineers, and their hope that the great body of tbe Coal 
Trade will aid their efforts to promote, by a resolution this day, this great undertaking, 
for which all opinions seem to concur in pronouncing this locality to be peculiarly 
adapted by circumstances as well as by nature, but which is, in itself, of national 
rather than local importance. 

Resolv£D, — That the meeting concurs in the Report of the Mining Institute, and 
in the opinion of the Committee of the Trade, that it is highly desirable to establish a 
College for the Advancement of Practical Mining and Manufacturing Science at New- 
castle, a locality so well adapted for that purpose, and strongly recommend the Trade 
to support the same : and the meeting is further of opinion that the Lessors of Mines 
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mod the Miningf Intereats genenUly of thii and other portiom of the Khigdom, at well 
at the Government, shoold be applied to for support to such Institation, the object of 
which appean to the meeting one of not merely local but of national importance, bear- 
ing^ as it decs upon increased skill and economy in production, and also upon the due 
security of life and property. 

The Chairman briefly added, that there could be but one opinion in 
reference to the very flattering report and resolution jast read. With 
respect to the recommendation that the Institute should proceed to canvas 
the rest of the trade in other districts, that was a subject which he consi- 
dered should be left entirely in the hands of the Council, in order that they 
might take such steps as they deemed necessary to prosecute the object. 
He understood that the question will be brought before the whole trade 
in London in the month of March next. 

A brief conversation then ensued in which the following gentlemen 
took part : — Mr. Atkinson, Mr. Hall, Mr. Lonoridge, Mr. M. Dunn, 
and Mr. Barkas. The purport of their remarks were all in £Etvour of 
the College : also, of the necessity of moving forward cautiously and se- 
curely, and of the fiirther progress of the scheme being left in the hands 
of the Council of the Institute. Ultimately the following resolution was 
agreed to^ 

BUOLVED^— That the Council be requested to take such further steps in the prosecu- 
tion of the plan for the establishment in this town of a College of Minings Science as 
they may deem requisite, the Council laying* before a subsequent meeting of the Insti- 
tute a report of what has been done. 

The Secretary next read a letter from Mr. Boyd, the treasurer, 
relative to the difficulty he had in getting the subscriptions in from the 
different collieries; but after some conversation on the subject the Secre- 
tary was instructed to write to Mr. Boyd, stating that he must take the 
best means possible to accomplish his purpose. 

A letter was read from Mr. Marley, of Bishopwearmoutli, relative to 
the safety cage of Messrs. Grant and Co., which gave rise to some dis- 
cussion as to its relative meiitri. 

Mr. Hall intimated that he had taken some trouble to introduce 
Grant's cage with its grips to the notice of tlie members of the Institute, 
and g^t the model in the room for in$[)ection, showing the mode of 
putting on the grips to the cage. Several gentlemen, however, seemed 
to think that the risk incurred with the giips would be greater than the 
benefit they were likely to confer on the workmen, and especially in reg^ard 
to deep pits, where gi*eut speed was required. It was contended that the 
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grips or guides in the shafts could not be kept constantly in order. Mr* 
Thomas Wood; ofThomlej; and others^ had tried them. They found 
them similar to Foordriniers plan of grips; and they thought that if 
Grant's were generally in use it was possible that the loss of life might 
be more with them than without. 

A discussion then ensued^ some contending that their use were ques- 
tionablc; while other members stated that they knew instances in which 
it had been instrumental in saving the lives of workmen. Mr. Anderso ir 
narrated one or two &cts illustrative of their safety, and Mr. Dunn, 
government inspector, adverted to an inquest or two at which he was 
present, where parties had been killed by falling down the shaft by some 
accident occurring to the rope, and stated it as his opinion that had 
Grant's cage been at the pits in question the men's lives might have 
been saved. 

Mr. LoNORiDQK deprecated the propriety of arriving at any definite 
opinion on the subject, as it was irregular ; beside, it would be very injudi- 
cious for the Institute, as a body, to give any opinion as to the merits of 
the cage. Individual members might give an opinion regarding it, but 
the Institute ought not to commit itself in any such way. 

Several other membei's coincided with Mr. Longridge, and as Mr. 
Dunn had paid some attention to the subject, it was suggested that he 
would, perhaps, hereafter draw up a document and submit it to the In- 
stitute for discussion. 

Mr. Dunn having assented to such a course, the following motion was 
then passed in reference to the letter of Mr. Marley : — 

That the Secretary be instructed to inform Mr. Marley that the members of the In- 
stitute must decline giving*, as a body, any opinion •n the merits of Messrs. Grant's 
cage, but are willing, if the subject be brought forward before them to discuss it, to 
elicit the opinions of indiWduals. 

The Secretarv then announced that the next subject for discussion 
was the paper of Mr. Reid, " On Practice with Gas at Blowers." 

Mr. Hall had no objection to such a course, but he submitted that 
the discussion on his paper should be resumed, as Mr. Dimn sjiiil that he 
thouj^ht the subject had not been sufficiently discussed. Up to the 
present he had every reason to believe that his paper, together with the 
map of the coal-field, were correct, as no one had yet pointed out any 
errors in them. 

The Chaihman thoiij^ht if such a coui-so was in order, the members 
mig-lit as well j>roceed with Mr. IlalFs paper, so that it mig-ht be finally 
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diqKwed o£ For himself be thought the paper had been fully discussed ; 
bat nevertbelesS; if any one had anything to add, the meeting would be 
glad to hear him. 

Mr. LoNaRiDOE thought it very desirable for any one to point out if 
they could; any error in Mr. Hall's paper^ as the value of it depended 
upon its accuracy. 

The Ghaibman after a pause^ finding that no one was inclined to say 
anything, submitted the propriety of adjourning the discussion on Mr. 
Reid's valuable paper, inasmuch as both the President and Mr. Taylor, 
as well as other members, were absent 

This having been agreed to, the meeting broke up. 
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MONTHLY MEETING, THURSDAT, MARCH 1, 1855, IN THE ROOMS OF 
THE INSTITUTE, WESTGATE STREET, NEWCASTLE-UPON-TYNE. 



Nicholas Wood, Esq., President of the Institute, in the Chair. 



The Sborbtary having read the minutes of the proceedings of the 
Gonncfl, the following gentleman was elected a member : — ^Mr. J. L. 
Simpson, Blajdon Bum. 

The President then informed the meeting that he had received a 
ooffj of Mr. Greenwell's work on Mine Engineering, as a present to the 
Institate. The work was most excellently got up, and the least they 
oonld do in return was to pass a vote of thanks to that gentleman. He, 
therefore, begged to move a vote of thanks to Mr. Greenwell. 

Carried by acclamation. 

The President then intimated that the next business before the 
meetiDg was to discuss the merits of papers that were in arrears, and in 
particular that of Mr. Hall's, Mr. Longridge's, and Mr. Reid's. With 
respeet to the latter paper it had long been before them, and ho supposed 
ibe members would be quite prepared to make some observations upon 
it, and with that object he should be glad to hear any observations 
diereoQ. He thought there were some things in Mr. Reid's paper which 
were very useful, and some which required consideration. In the firf^t 
place he asked Mr. Reid if he had anything further to explain ? 
Vol. III. — March, 1855. h h 
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Mr. Reid. — No; the paper was wholly composed of fieusts^ and 
therefore it contained little or no theoretical matter. 

Mr. Atkinson observed that as there appeared one point in Mr. Raid's 
paper rather remarkable, he begged to call attention to it, as he was in- 
clined to think that Mr. Reid was in error. The point he referred to was 
at page 38, where some particulars were given relative to the effects of 
a blower of gas. The conclusion arrived at was that the pressure of 
the gas was 67|fts. per square inch, or 4^ atmospheres. This amount 
of elasticity, he considered, was based upon erroneous groimds. Mr. Reid> 
in his paper, assumed that in two air-ways opposed to each other, 
the pressure, to be in equilibrium must be greater in the one area than 
the other, in the inverse ratio of their areas ; but the only way, in his 
(Mr. A.'8) opinion, to arrive at the real pressure of gas ezerted, was to 
ascertain the velocity with which it issued from the gullet, and to calcu- 
late the force required to produce such velocity. Mr. Atkinson then ex- 
plained his views on the subject as follows : — 

^'It is presumed that the pressure per unit of smface exerted by the 
gas on an area of 12 feet, opening into an air-way with an area of 64 
feet, must have been such as that the product found by multiplying the 
pressure per unit of surface exerted by the gas, into the area through 
which it passed into the air-way, must have represented a gross pressure 
on the entire area at least equal to the pressure of the atmosphere in the 
air-way multiplied into the area of the air-way itself, because the pressure 
of the gas overcame that of the atmosphere. 

''The above conclusion is not in accordance with the laws of nature^ it 
being a fact that the slightest excess of pressure per irnit of surfEU^ 
exerted by the gas over that of the air coming towards it, would suffice 
to enable it to "back" or penetrate into and mix with the air. 

" What is termed the hydrostatic paradox, or what may here be termed 
the pneumatic paradox, is brought into notice : — the gross pressure dis- 
tributed over the entire surface is not the criterion whereby to determine 
the pressures, all that requires consideration is the pressure exerted on 
each unit of surface by the gas and the air respectively, whichever of 
them exerted the greatest pressure per unit of surface would prevail 
against the other, quite independent of the areas over which they 
operated j no data appears to be given in this case, whereby to decide to 
what amount the pressure per unit of surface, exerted by the gas, ex- 
ceeded that exerted by the air. 



231 

''At page 41 a siinilar error is fallen into^tand because it is presumed 
that gas escaped out of a gullet of I4 feet area^ at such a pressure as to 
back the air in air-wajs of 86 feet area^ besides filling a staple in the 
return having 40 feet area^ the mistaken conclusion is arrived at that the 
pressure per unit of surfS&ce exerted by the gas must have been ^f = 60*8 
timesas great as that exerted by the atmosphere^ giving thus the incredible 
pressure of 0120)s. on the square inch, as being due to the escaping gas. 

''Although the data furnished in the latter case are not such as to 
enable us to determine the pressure at which the gas might exist in any 
reservoir firom which it might escape, if it happened to have to force its 
way through long and nan'ow channels before reaching the gullet by 
which it escaped, yet they are such as to enable us to determine witli 
some degree of certainty the actual pressm*e at which the gas really 
escaped firom the gullet. 

"The velocity with which the gas escaped, according to the data fur- 
nished in the paper, is 37,634*4 feet per minute, and this velocity would 
require a head of 6115*5 feet of gas coliunn to generate it; see [10], in my 
paper on ventilation, page 78. 

''The density of the inflammable gases in coal mines in this vicinity 
may be taken to be *63, that of air at the same temperature and density 
being 1, and at an average temperature and under atmospheric ])ressure 
will therefore weigh about *0479)s. per cubic foot, and hence the ])ressuru 
due to the velocity of the escape of the gas from the gullet would be 
6116*6 X -047 = 287*428Ib8. per foot, or nearly 2Ibs. per inch above 
the pressure of the atmosphere or medium into which it escaped, so that 
the conclusion as to its being 912 ^ 15 = 897 9)s. per square inch above 
that pressure is evidently very much over-rated." 

Mr. Grbenwell supposed that Mr. Atkinson, in that calculation, did 
not include the pressure necessary to overcome the friction of the gas 
passing along and through the gullet ? 

Mr. Atkinson — ^That he could not ascertain, as the gas probably ex- 
isted at a great distance from the point of issue ; but if not, they must 
know that according to the facts related they had the effect of the pres- 
sure at the orifice of the gullet. 

Mr. Greenwbll — Perhaps Mr. Atkinson assumed it had issued into a 
vacuum 7 

Mr. Atkinson — No ; he calculated the gas as issuing into the at- 
mosphere. 
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The President — What has been pomted out by Mr. Atkinson was 
just the same as he mentioned to Mr. Reid previously ; for it did appear 
to him (the President) that the mode of calculation adopted was not 
correct. In ])ag^e 41^ Mr. Reid guve the ai*ea at the aperture where the 
gas issued at 180 square inches^ and after stating the pressure at the time 
the gas was passing, he further says at page 42, that 

** Applying^ this quantity to the g^et area of the blower, and assamiDg the time of 
its exuding at one minute, we have the apparent Telocity of g^ escaping per square 
inch of surface in that time equal to 261*35 feet, or at the amaaing rate of 37,634*40 
per square foot of area." 

This mode (continued the President) of calculation was meomct. He 
tlioiight the correct mode was to ascertain the force required to produce 
the velocity, which was stated, through an apertiu*e of an area equal to 
that through which the gas issued. Mr. Reid seemed to have calculated 
the number of atmospheres which was required to check the current of 
air passing along the drift, and it was stated that the gas forced the 
cuiTent of air in an opposite direction : this would, no doubt, require a 
considerable force ; and the real question certainly was — ^What was the 
force required to do that ? as this would be an element in the calculation 
of the force required to cause the gas to issue from the gullet or blower 
at a definite velocity. 

Mr. GreeiVWELL — Besides, another point to be considered, was the 
increased pressure due to the length of the orifice or channel through 
which the gas passed. It was assumed tlint the gas merely pnssed through 
a thin orifice into the atmosphere, whereas the blower passes through 
crevices of an unknown length. 

Mr. Atkinson iucliuled all that in his fii-st statement. There was no 
other data to determine the force which existed at the mouth of the 
orifice except the velocity with which the gas issued. 

Mr. Bark AS olhserved that in every case of blower coming suddenly 
off^, if witli great force, he always found it to back the current of air, 
which he snpj)oseil arose from tlie diflerent densities of the gas and the 
atuiospheric air. He did not know whether gas would have the same effect 
as if it was atmospheric air coming off with the sjime velocity, as there 
wns the effect of tli(j difficulty of tlie gas and the atmospheric air to mix 
together, he thought the mode of calculation adoi>ted by Mr. Atkinson 
was the correct way of getting at the velocity. Taking all the elements 
into consiiclenition, the question requbed considerable thought, as they 
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would find that there was a great deal in the manner in which the gas 
was eTolved. 

Several other brief remarks were made by one or two members of 
similar import to the foregoing, — after which 

Mr. Rbid briefly replied in general terms to the remarks of Mr. 
Atkinson, by stating that he was not then prepared to go fully into the 
point at issue without considering the subject more carefully. One thing 
be would admit, and that was that his calculations on the actual pressure 
of the gas were made from simple facts, — ^he did not pledge himself to 
the absolute correctness of the figures given, but he must say that so 
fiir as he could judge at present, he could not agree with Mr. Atkinson 
that the pressure which he assimied could produce the effect which was 
observed. As regarded gas issuing into free space that was entirely a 
different thing. He was not then prepared to go further into the subject^ 
but would take it up some other time. 

Mr. Barkas stated he had a case at Waldridge Colliery, and which he 
believed was not a very unfrequent one, where the force of gas raised the 
thill or pavement of the mine about a foot or upwards of solid rock or 
shale. 

The President suggested that the same plan which was observed at 
the Civil Engineers' proceedings might be adopted by that Institute, 
which was that at each succeeding meeting the minutes of every previous 
meeting were read over, so that if any gentleman had any further 
observations to make on any given subject he could do so, and time was 
given for consideration. If such a scheme was adopted they might come 
at the end of the succeeding month prepared for the subject in discussion. 
Their object was only to elicit the opinions of members, and to arrive at 
sound and correct conclusions upon the questions at issue. Mr. At- 
kinson contended that Mr. Reid should measure his force by the velocity 
at which the gas issued from the apei-ture. Mr. Atkinson's remarks, 
however, would be printed, so that by the next meeting the discussion 
could be i*esumed. 

The subject tlien dropped, with the understanding that it be hereafter 
resumed. 

The President next called attention to the paiier of Mr. H. G. 
Longridge, and stated that for himself he thought it one of great ini- 
poilance, as it referred to the j)robable supply of coal to the fleet now ia 
the Black Sea, and to steam vessels hereafter employed in the trade of 
that part of Turkey and the Danube, and therefore he should be glad to 



234 

receive any further information on the subject. It was stated in the 
newspapers that the mines alluded to by Mr. Longridge were in opera- 
tion^ under the superintendence of Mr. Berkley. 

Mr. LoNQRiDaB in reply said; that his paper contained a statement of 
facts : that he had no further particulars to communicate, but would be 
most glad to answer any questions. With regard to any further infor- 
matioU; that would be found in the papers published before Parliament. 

The President — But that did not contain more information than they 
had in his paper. 

Mr. LoNQRiDOE — He knew that directions had been given to open out 
the second valley alluded to in his paper, from whence the Government 
were going to drnw a great part of the supplies. 

The President imderstood an arrangement had been made with the 
Turkish Government, and that it was intended to supply Her Majesty's 
fleets from these collieries. 

Mr. Longridge — Yes, it was computed they would be able to get 
upwards of 85,000 tons per annum : but before they could do so^ they 
would require a great number of labourers. 

The President — Did the papers before Parliament state the specific 
quality of the coal ? 

Mr. Longridge — Not very particularly; but experiments had been 
made on the spot at the request of the Goverament, and the report 
to the Admiralty was to the effect that the quality of the coal was suit- 
able for steam purposes, but it was not so good in quality as the coal in 
England. 

Mr. Hall thought it was found that the coal got harder as it ap- 
proached seaward. 

The President then remarked that, in a commercial point of view, 
coal obtained at the Black Sea was of great importance to this country, 
as, if coal could be got there at a cheap rate, it could not fail to facilitate 
commerce between this country and IHirkey. What really wanted was, 
cheaper coal at such distant places, which would tend to assist rather 
than operate against the coal trade of this country. 

The meeting then broke up. 
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Nicolas Wood, Esq., President op the Institute, in the Chair. 



The minutes of the Council having been read by the Secretary, 

The President laid before the meeting a section of the coal and iron- 
stone measures of the county of Lanarkshire, in Scotlond, presented to 
the Institute by Mr. Moor, of Glasgow. 

It was resolved that the thanks of the meeting be given to Mr. Moor, 
and that the President be requested to convey the same to that gentle- 
maiL 

A letter was read, addressed to the Secretary, by Mr. John Weale, 
the publisher, of High Holbom, London, stating that the annual expense 
of advertising the Transactions of the Society, in certain publications, of 
which he proposed to send a list, would average ten pounds or there- 
abouts. 

It was resolved, that Mr. Weale be empowered to expend the above 
sum annually on advertisements, and that he be requested to tranemit 
the list of publications promised. 

It having been suggested that the hour of two o'clock was too late for 
holding the general meetings of the Society, and that one o'clock would 
probably be a more convenient hour ; it was agi'eed that the notice of the 
Vol. III. — April, 1855. i i 
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members be directed to this alteration^ with a request that they would 
consider the same, and come prepared to the anniversary meeting to 
arrive at some determination thereon. 

The President then read to the meeting a letter addressed to him 
by Mr. P. S. Beid, on the objections brought against some of his cal- 
culations of the force by which explosive gasses issue from fissures in 
coal mines, as given in his Paper to the Institute in November last; and 
suggestingi as he was unable to attend the meeting from illness, that 
the further discussion should be postponed until he could be present. 

It was arranged that the further discussion of the Paper be deferred 
until the next meeting of the Society, and that Mr. Reid and the mem- 
bers be apprised thereof accordingly. 

Agreeably to the suggestion of the President at the last meeting, that 
Mr. Atkinson should draw out, for the consideration of the Institute, 
some practical deductions from his elaborate Paper on the '^Theory' of 
the Ventilation of Coal Mines," to further the discussion on that Paper ; 
Mr. Atkinson presented a paper containing the different heads under 
which he proposed the discussion should be conducted — such heads P^^* 
senting practical deductions from the theoretical disquisitions in his 
Paper. 

A discussion then took place as to the best mode of proceeding on 
such an important subject, and it was ultimately arranged that Mr. Atkin- 
son's paper containing the heads for discussion be laid upon the table of 
the Institute, that the attention of the membera be called by an early 
circular to the fact, and that the members be informed that the discus- 
sion will take place at the next meeting in May, and be continued until 
the subject be fully discussed. 

The President observed that, as Mr. Atkinson's Paper contained the 
entire theoretical exposition of the ventilation of coal mines, than which 
nothing could be of more interest to the society ; and as they were 
essentially a practical body, it was advisable, indeed if not absolutely 
necessary, that, in the first place, the theoretical conclusions should be 
thoroughly investigated ; and next, and most important, that the appli- 
cation of that theory to practice should likewise be cai'efully and fully 
considered, so that they might elicit some useful practical conclusions on 
the subject ; and as the subject was of such importance he trusted they 
would have a fiill meeting, that as much as possible of the practical 
knowledge of the Institute should be brought to bear upon the discussion. 

The following members who had been proposed at the last monthly 
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meeting were ballotted for^ and unanimously electedi viz. : — Henry Wil- 
liam F. Bolckow, Hiddlesbro', near Stockton-on-Tees; John Yaughan, 
iif Hiddlesbro', near Stockton-on-Tees; John Straker, of North Shields. 
Tlie Pbbsidbnt then proceeded to read his Paper on the '^ Conveyance 
of Coals Underground in Coal Mines/' after which the meeting adjourned 
to the first Thursday in May, at two o'clock. 
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ON THE 

CONVEYANCE OF COALS 

UNDERGROUND IN 

COAL MINES. 



BY NICHOLAS WOOD, ESQ., C.E., 

PRBSIDBNT OF THE INSTITUTE OF lONINO ENGINEBRS. 



The sabject of the conTeyance of coal underground in coal mines from 
its separation in the mine to the bottom of the pits is of great importance 
to the coal trade. The increased cost, above that of the conveyance of 
coals, and other minerals, by railways on the surface, demand the atten- 
tion of every one connected with the management of mines, with a view 
of ascertaining if such cost can in any manner be lessened. 

In the year 1825, 1 published a practical work on the subject of ^^The 
Establishment and Economy of Railways" on the Surface, which, subse- 
quently, went through another edition, published in 1831, and the great 
progress which railways, and the motive power employed upon them, since 
that period has undergone, raises a very important question whether such 
improvements have been adopted in the conveyance of coals imderground, 
and whether sufficient attention has been paid to the subject or not* 

There is, however, a wide difference in the circumstances of the two 
cases — surface railways can be levelled and made of uniform inclination 
at comparatively small cost to that by which they can be made under- 
ground — the latter is, in fact, entirely tunnelling — more even than that, 
as in the first formation of a road underground the coal is seldom of 
sufficient height to allow of horses to travel, or for the use of the requisite 
carriages : and, consequently, the dimensions of the excavation must be 
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enlarged even before any attempt is made to make tke road of an uniforui 
inclination^ or to adapt it to any particnilar description of motive power. 

And when it becomes necessary to level up depresdons and to take off 
undulations, then it is ver}' expensive tunnelling in solid rock ; sometimes 
excessively hard and extremely expensive, but always presenting very 
much greater cost than a similar process on the surfiEu^e. 

And it must also be borne in mind, that there is this difference between 
making roads underground and on the surface — that in the latter case, 
perfect levellings cim previously be obtained of all the undulations of the 
surface, and this before any expenditure at all is inoorred, and a line of 
railway thus fixed upon or adopted, which can be formed at the least 
possible cost. In imderground muiing or tunnelling, it is all in the dark, 
we can only guess at the imdulations before us ; and^ therefore, when a 
certain direction or course is assumed, and which is expected to produce 
the requisite degree of inclination, the undulations in the strata, or 
breaks up and down by dykes, often thwart all our calculations. The 
perfection of a railway is, we presume, that between two points it should 
be as level and as straight as possible, if the amount and weight of the 
traffic is the same in both directions ; or, if there is a preponderance of 
traffic in either direction, then that the inclination should be such as to 
present the same resistance to the motive power in both directions. 

In mining engineering, if the ruling principle laid down be that the 
road should have a certain inclination, either that it should be just water- 
level, or such an inclination as that the water will just flow firom the 
workings to the pumping shaft, or that it should be such an inclination 
as that the resistance to the load should be equal in both directions ; then 
if there are any undulations in the regularity of the strata, or bed of coal — 
[and in eveiy mine such undulations are very frequent, and sometimes 
very considerable] — then it will be found that to preserve the requisite 
levels the road, instead of being straight, assumes the most tortuous shape ; 
and in cases where the roads are numerous, and where the levels or roads 
of two or three beds of coal are laid down upon the same map, they 
assume very much the tortuous appearances of the gyrations of the animal- 
cula exhibited in an oxyhydra lens. 

The formation of the roads imderground approach more nearly to that 
of the formation of a canal through a hilly coxmtry, with this diflFerence, 
that in the formation of a canal on the surface, the engineer can make 
^urvoys to regulate and guide the line he may take in its formation, 
whonvHs, a mining engineer has to form his canal without being able ever 
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to see bejond that part of Uie road in which he is immediately engaged 
in fonning. 

The beds of coal, also, are generally from three to four, or five feet in 
thickness, probably the average about four feet ; and the height required 
for horses or machinery about six feet when finished. The rock above or 
below the bed of coal is generally extremely expensive to excavate, and 
hence any extra quantity of rock to be taken up or blasted down, beyond 
that which is absolutely necessary, is very expensive. Vertically, the 
whole space to operate on is about four feet. 

The draining of a mine is, likewise, generally an expensive operation. 
When, therefore, a pit is sunk, and the pumping apparatus attached, it 
becomea of great importance that as large an extent of mine should be 
drained as possible. The fii-st operation, therefore, generally is, to push 
away right and left, what are callKl the water-levels of the collieiy, viz : — 
drifts, adits, or levels, with such an inclination only as that the water 
will just run towards the bottom of the pit, and these are pushed or ex- 
tended across the whole extent of the royalty, from one extremity to the 
otiier, in the water-level line of the strata or bed of coal, by which all the 
coal on the rise side of the water levels are drained. 

These, as before explained, nre generally extremely tortuous, if the bed 
of coal at all undulates. For the purpose of merely water-levels, this is 
not of very much consequence; but these levels being at the lowest point 
at which the seam is opened out, they are very often made the main roads 
also, whereby the coals are brought out to the bottom of the pit. 

In the early period of coal mining, and up to a comjmratively recent 
period in the best managed districts, and, indeed, in the present day in 
those districts where the stimulus given by the improvements of suifnce 
railways has not reached, it is found that almost universally the levels 
which drain the mine are the horse-roads by which the coals are brought 
out from the workings to the bottom of the shaft. The coals from the 
rise parts of the mine being brought down to those levels or roads. 

Where the mines are extensive, and where the expense of lifting the 
water is costly, or where they are drained by day levels, the greatest 
care is taken in making those levels as flat as possible, barely, or 
just sufficient inclination for the water to find its way to the pumping 
shaft or adit, and the horse-road being either formed on the water-level, 
or on a road driven parallel thereto ; this circumstance operates very ma- 
terially in determining the description of road by which the coals are 
brought out, and the kind of motive power to be emploj'ed thei'eon. 
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In the early period of coal mining likewise, and prior to the introdnetioii 
of mechanical machinery to pump the water, the coal was drained by adits 
into the sides of the hills — ^there it became of great importance to adhere 
to the water level of the strata in draining the mine, and when, even at 
a later period, machinery was introduced to drain the mine, this was only 
able to be performed to a certain extent, — and to the extent to which this 
drainage could be performed it became of equal importance that, as the 
miners termed it, '' no level should be lost," but that the levels should be 
driven strictly water level ; and even at a late, and up to the present period, 
the same rule holds good, viz : — that the levels should be driven strictly 
water level, hence the coals having to be brought out towards the entranoe 
to the mine on such a gradient, and the load being consequently all in one 
direction, the motive power is not equally balanced, but greater in the 
direction of the load than with the empty carriages. Thus, the main- 
roads for bringing out the coals to the bottom of the pits or adits, may 
be said to be the water-levels of the mine, the cross-roads bringing the 
coals from the rise to those roads, and when the stratification of the mine 
is sufficiently inclined, or the beds lay at an adequate inclination, then 
the coals are brought down to the main-levels by self-acting planes, and 
so to the bottom of the pits. 

The earliest attempt, therefore, to work coals no doubt began in digging 
it out where exposed to the surface, or where the beds cropped out to the 
surface, by adits or levels driven in the direction of the beds water level, 
the same level or adit answering the double purpose of drainage and a 
road to bring the coals out. 

We have no records of how or in what manner the coals were brought 
out to the surface before the introduction of railways. We know that even 
within the last thirty years coals were carried out to the smface in Scot- 
land by women who were called " bearers," and who carried out very heavy 
weights of coal in panniers, much the same as the fish is carried by the 
fishenvomen, and where pits were necessary, steps were placed within 
the area of the shaft which the women ascended with their load of coals. 

It is probable also that barrows were at one period extensively used for 
conveying the coals to the mouth of the adit, or to the bottom of the pits, 
and that where the floor of the mine was soft, planks were laid down 
whereon to wheel the barrows ; and likewise, before the introduction of 
railways, sledges were used in which the baskets or corves were placed 
which contained the coals. In this case, also, where the floor of the mine 
was soft planks were used. These latter roads were Ukewise called "bar- 
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imr-waj8y'* which would indicate they were the same description of roads^ 
and used for the same purpose as the roads where barrows were used. To 
ft comparatively recent date sledge were used in the pits on the main 
roads, aod likewise on the surface at the top of the pits to convey the coab 
from the mouth of the pit to the screens^ or to the wa^gt)ns used to 
eonvey the coals to the shipping places. 

In those districts where early mining has been practised we find the 
pits very shallow and very numerous. The earliest working having been 
by adit as before named; and the i)owers of drainage being at those 
periods very inefficient, the pits would necessarily be very shallow, 
limited to the power of raising the water of the mine. And when 
the mode of conveyance underground was confined to barrows, nu- 
merous pits would be requisite to be sunk to supply the deficient and 
expensive system of conveyance. As the system of conveyance was im- 
proved, even by the introduction of sledges, the necessity for sinking 
pita would be less ; but even up almost to the end of the last century, the 
number of pits sunk was very numerous ; although, perhaps, the question 
of ventilation may, in some cases, have regulated the frequency of sinking. 

Horses were, no doubt, used for a long period in the shallow pit^ for 
drawing the coals to bank by gins ; but the depth to which they could 
raise the coals was, thougk limited, very much beyond that of manual 
labour. 

The next process was, probably, the ase of water-wheels, wherever 
anch a power could be applied ; and hence we find that water-wheels were 
used at and up to a not very distant period, both for the drainage of the 
mine and for drawing the coals to bank. And such appears to have been 
the reluctance to part with an old friend, that long nfter the introduction 
of the steam engine, the latter was, in many cases, employed to pump the 
water up to the requisite height, to be aftenv^aids used in working the 
water-wheel. 

In some of the mountainous districts of Wales, water-whoels are indeed 
still used ; and the use of water has been carried to a much greater extent 
than it can be carried in this manner, especially in South Wales, by the 
use of what are called '' Balance Pits;" where water is run into a bucket 
attached to a rope or chain passing over a pulley at tiie top of the pit, of 
a greater weight than that of the coals, or weight to be drawn up the shaft, 
and which is attached to the other end of the rope or cham. The water de- 
fending thus draws the coals up the pit ; the water is then eni])tied at tlic 
Vol. III.— April, 1865. k k 
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bottom, tlio loaded tuh of coals placed over it, and they are then drawn 
lip the pit by another and similar process. The water generally nins out 
to thv? surface by adits ; but in some coses it has to be lifted either by 
wator-wlieels or by steam engines. Coals are thus drawn to bank ap pits 
of a depth of GO to 80 fathoms. 

These obser\'ations though not; perhaps^ strictly applicable to the sub- 
ject of this pajwr, arc not entirely in-elevant thereto, as the powers of 
raising the coal to the surf:ice, and, consequently, the number of openings 
in a given area, modify and determine, to a considerable extent, the means 
and the mode applied to convey the coals from the workings to such 
openings. Hence we find in the early stuges of the working of coal mines 
the i*oads were made from the adits, and from pit to pit, in the water- 
level line of the coal, dmining and cutting off a strip of coal nearest the 
surface at the least possible cost and labour. Successive strips were then 
drained or worked more and more towards the dip of the mine, or at 
greater depth from the surface, as longer and more expensive adits were 
driven, or as successive improvements advanced, and more power was 
ap]ilied to lift the water and to raise the coal to bank. 

Hence it was then the system to commence the winning and working 
of the mine at the exti'eme rise pai-t of the coal-field, with successive 
drainage, and working deeper and deeper, as* more power was obtained. 
This is most clearly exemplified in the valleys and in the hilly and moun- 
tainous coal-fields of Great Britain, and especially in the hills of the exten- 
sive coal-fields of South Wales. The successive deeper levels, being 
almost an index of the development of the continuous advancement in 
science and in the iniprovenionts of machinery. 

Now, when we may almost be said to have attained such a degree of 
perfection in machinery and in engine power to almost, if not quite, com- 
mand the drainage of the deepest part of any of oiu* coal basins, [as the 
coal measm*es being the uppermost beds of the series of rocks on which 
they repose, the coal does not extend ro a very great depth from the sur- 
face in the coal fields of Great Britain], and when we can, consequently, 
])lace the draining pit, or drawing shaft, in the deepest, or in any other 
pait of any coal field or royalty ; we are, consequently, enabled so far as 
the number of openings to which the coal is to be conveyed underground 
extends, to jilace such openings at that point of the coal-field to which 
the coal can most advantageously be conveyed. 

Tlii^ very circumstance, as the natural effect of such a command of 
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power involves, however, lias been the cause of much deeper oi)eniDgs 
being made, — ^more expensive, and, consequently, less in number; and, 
thereforei requires that the coals should be conveyed a much gi*eater 
distance underground than heretofore. 

While, therefore, in the early stages of coal mining, the openings were 
never more than a hundred, or two or three hundred yards apai't, in- 
creasing in distance as improvements of winning, draining, and conveyance 
of the minerals advanced ; and even up to within the last half-century, the 
pits were never mora than half a mile or so distant. And though the ven- 
tilation of the mine in some degree regulated the distance, hke the other 
improvements in the science and practice of mining, ventilation was im- 
proved in the same ratio and kept pace with the other requisites of 
more extensive miniog operations. Now, at the present time, the dis^ 
tance of the pits or o])eniiigs from each other in the deep mines, are as 
many miles as they were hundred yai*ds apart in the early period of coal 
mining. And we consequently see the necessity and importance of the 
consideration of the means and economy of conveyance of the coals under- 
ground in the present extensive system of mining operations. 

Having thus given a general outline of the progress and successive 
increased means of the conveyance of the coals underground, and having 
pointed out the difficulties attendant on underground operations as 
contrasted with similai* operations on the surface, I shall now enter 
into the detail of these ditfcrent modes practised during the successive 
periods up to the present time. I shall then investigate the powers 
of each mode, or the motive power employed, which I shall illustrate, as 
much as possible, by experiments and diagrams; and I shall then 
endeavour to produce some practical results from the enquiry. 

It is imnecessai'y to enter into the minutia or detail of the conveyance 
of coals by barrows, or by sledge, or even by the moi'e repugnant mode of 
carrying the coals on the backs of ladies. All these modes are only 
matters of history, exce})t where the seams are much inclined, and whero 
sledges are used to convey the coals fi-om the face of the workings to 
the main roads, which I shall now shortly desciibe. 

On the Continent, viz : — in Fi-ance, Belgium, and Prussia, where 
the beds of coal are much inclined to the surface, and where the 
inclination is such that the coals will not slide down the floor of the 
mine into the main roads, and in some parts of England and Wales also, 
in similai' situations, sledges are used to convey the coals from the face of 
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the workings to the main roads, and the coals are either packed upon the 
sledges, and by them conveyed to the bottom of the pit, or emptied 
into tlie tubs by which the coals are conveyed along the main roads to the 
bottom of tlie pit or to the mouth of the levels. 

In these cases the main i*oads are formed along the water-level course 
of the coal, and at short distances from each other in the rise of the beds; 
between which the coal is generally taken away by the long wall system, 
in one process, the entire width between the two roads } or it may be 
worked by the pillar and wall system, the pillars being generally taken 
away and brought to the same headway as that by which the whole coal is 
worked, and as the work proceeds to the rise the coals are brought to 
the lower levels by self-acting inclined planes. Boys are generally em- 
ployed for this purpose. 

Sledges, as before stated, were also used very extensively in the main 
roads in the more flat mines of England and Wales to carry the ooals, 
from where worked in the face, to the pit, which were drawn by ponies ; 
and when the beds of coal were thick horses wero used. These sledges 
were dragged along the bottom or thill of the mine where it was hard, 
but where it was soft deals or planks were laid down, or penning, com* 
posed of narrow pieces of wood laid across the roads, and these werei 
as before stated, called in the districts of Northumberland and Durham 
** barrow-ways." 

In these cases one pony, or one horse, was always employed to drag 
one basket or corf of coals at a time, and, consequently, as may be pre- 
sumed, and indeed as was the fact, the expense was considerable; hence 
the necessity, when the beds of coals were not at a great depth from the 
surface, of having frequent openings or pits, by which the coals could be 
drawn to the surface. 

The next step was the employment of wheel carriages, which ran upon 
timber roads, or railways formed of timber. The carriages had wheels 
similiu* to our tram wheels, running upon the flat wooden rails, with a 
ledge on one side, (similar to the cast iron plate rails), to keep the wheels 
upon the road. But cylindrical wheels, running on wooden roads, similar 
to the old ledge wooden railways, were likewise used. The wheels were 
originally of wood with wooden flanches, but subsequently a flat bar or 
hoop of ii-on formed the periphery of the wheel, with a plate of iron to 
net as the flanch of the wheel. 

These wooden rails and railways, have, like similar railways on the sur- 
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hctey DOW g^ven way to cast or malleable iron railways^ either the common 
tram rond or the edge i*ail ; and to carriages with wheels of either cast 
or wrought iron, suitable for each description of railway. 

For a long period, or rather down to a very recent period, tram roads 
with the tram wheel were universally used in this district, but they 
have now been, if not quite, almost universally superseded by the edge 
or round top rail. In some districts of England, Wales, and Scotland, 
however, the tram road is still in use, a prejudice still existing against 
the use of the edge rail. In most of the iron works in Wales and Scot- 
land, the underground railways are tram roads, with wheels loose on the 
axle, and constructed so that when a wheel breaks it can easily be 
replaced. 

Tip to a recent period also, in the Northumberland and Durham dis* 
tricts, the coals were drawn to bank by baskets or corves. These were 
placed upon the sledge (when sledges were used), and brought out to the 
bottom of the pit, were then attached to the rope, and drawn to bank, 
leaving the sledge at the bottom of the pit. The corf, or basket, was 
then placed upon another sledge at bank, and so conveyed to the screens 
or wagons, and the coals emptied out, the empty corf, or basket, having, 
in the meantime, been again sent down the pit. 

In many of the pits in the Midland districts, in Scotland and in Wales, 
the coals, especially where they are hard and large, are placed on and 
and packed upon the sledges, or trams, or waggons with iron rings, and 
are so drawn up the pit, both trams and coals. In these cases, however, 
it is necessary to have guides in the shafts to prevent the trams, or 
carriages, from striking the sides of the shaft, and from striking each 
other in passing at meeting in the shaft. Great weights are generally 
drawn at a time, and the motion or velocity in drawing the coals to 
bank is extremely slow, the principle being to bring to bank lai^e weights 
at a slow speed. 

The contrary is the practice in the North of England, the pits being 
generally of a much greater depth. The principle is to draw comparatively 
imaller weights up the shaft but at great rates of speed. And though 
this practice is more particularly applicable, perhaps, to a comparatively 
recent period, it is now customary to draw to bank, at one of the pits in 
the North of England, as many coals as are drawn to bank at two or 
three of the pits in the Midland Districts or in Scotland and Wales. 

It may, however, be remarked, that in the latter localities, the workings 
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have not yet pcnctrateil to such great depths as the workings in the 
Newcastle District have done, the necessity has not, therefore, yet arisen, 
as a measure of economy in the latter case, to have fewer pits and to bring 
larger quantities of coals to bank at each pit. Still, however, when the 
greater expense of conveying coals imderground as compared with that 
of the conveyance of cools on the suiface is considered, it will, in some 
cases, be found to be more economical to have moi*e pits with a less 
distance to convey the coals underground, than fewer pits and a more 
extended conveyance underground. 

It was, for a long time, deemed inconsistent with the principle and 
economy of drawing coals at a rapid rate up the shafts in the North 
of England, to adopt the system of the Midland Districts of drawing the 
coals along with the tubs or carriages up tlie pits, especially when com- 
bined with gi'cater comparative weights, and with the system of guides 
or slides. Ultimately, however, the mode of drawing both the coals and 
carriages to bank was adopted in this district, and with it, of course, the 
system of slides in the shafts. And such has been the rapidity of con- 
version to this system, that, at this time, I do not believe there is a single 
colliery where this system is not adopted, and the old plan of drawing 
the coals to bank in baskets or corves is not abandoned. 

While baskets or corves were used the system of conveyance of the 
coals imderground was to employ small carriages called trams, usually 
running on plate rails, but sometimes on round or edge rails. The coals 
were thus brought out from the face of the workings to the main roads 
by boys which were called " putters," (and here it may be remarked, 
that even after the tram or plate, and the edge railways were introduced, 
these roads were still designated " ban'ow-ways,") the corves were then 
lifted by small cranes from the trams and placed upon larger carnages 
which were called " rolkf/s" the roads being called " roUey-ways," by 
which they were conveyed to the bottom of the shaft. 

In some cases, even since the system of dra\^4ng the tubs as well as the 
coals to bank has been adopted, tlie trams or tubs ai*e placed upon the 
large carnages or rollei/s, which are then more generally called " fvagons/' 
(especially where edge rails are used,) and so conveyed to the bottom of 
the pit, this system has now, however, almost univei'saliy g^ven way to 
the plan of using the same tratn or carriage to convey the coals from the 
fiice of the workings to the bottom of the pit, and these arc mostly called 
•* tubs:' 
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Figs. 1 aTut 2, Plate 1, shews the tubs now most jjcnerally used, tliere 
are, of course, a great variety of dimensions or forms used, either with 
the wheels outside of the body of the tub or underneath, with different 
sized wheels, according as the bed of coal is of more or less thickness. 

It will be seen hereafter that a great advantage exists in the employ- 
ment of wheels of large diameter, and as the wheels of the tubs which 
are used must, of necessity, travel into the workings, their size are regu- 
lated by the height of the seam. Tliey are generally only from 8 to 12 
inches in diameter. On the main roads, where horses are used, or where 
horses have to pass along, there is necessarily a greater height, so that 
wheels of a larger diameter could be used, and consequently the friction 
would be very much reduced, so much so that in the cases of the tubs 
being placed upon wagons as previously described, the diminution is almost, 
if not quite equal to the useless weight of the trams carried upon the 
larger wagons. But the trouble, delay, and expense of transferring the 
smaller to the larger carriages, has been considered to so far outbalance 
any advantage obtained by the diminution of friction, that the smaller 
wagons or tubs, though the length of the roads are sometimes equal to two 
miles, are used in preference to the larger wagons. 

Considering, that no great practical result would be obtained by en- 
quiring into the resistance or friction, or the effect on the transit of coals 
of those systems which have been abandoned, or which are only partially 
in use, I have confined my experiments to the carriages or tubs almost 
universally used in the collieries of the Counties of Durham and Northum- 
berland, though I shall endeavour to compare their effect with some of 
the modes not yet abandoned in some of the other districts of the kingdom. 



FRICTION OF CARRIAGES. 

It is scarcely necessary to state that in all carriages moved on railways, 
with wheels, the friction of such carriages is composed of two descriptions 
of resistance, viz. : that which is due to the friction of the attrition on the 
axles, and that which arises from the resistance of the periphery of the 
wheel upon the rail. 

In my work on railroads I gave a great many exj)eriments to ascertain 
not only the entire resistance of carriages moved on railroads, but also 
the amount of each of those two descriptions of resistances ; and from 
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these experiments^ as well as from the well known laws of mechanics, I 
have deduced some practical conclusions. 

Rapid sti-ides have since been made in the improvments of carriages 
upon railways, — ^but the experiments thus alluded to having been made 
on the railroads then in existence, and which were almost exclusively pri- 
vate colliery railways, — and as the carriages on which these experiments 
were made more nearly assimilates to those of the underground carriages 
now employed in the collieries, they will be probably more useful as 
illustrative of the resistance of such can iages than experiments made upon 
the more improved carriages of the present day upon public railways. 

The result of the experiments above alluded to, and made on the wagons 
used on the private railways, when my work was published, was, that the 
friction of such wagons was about the -j^ part of the weight, the rolling 
or resistance of the wheels on the rails being about the ^^^jg part of the 
weight, and the conclusion derived fi*om the experiments then made was— 

That, in practice, toe may consider the friction of carriagee moved 
on railways, as a uniform and constantly retarding force, 

That there is a certain area of hearing surface compared with the 
insistent weight when the resistance is a minimum, 

That when the area of hearing surface is apportioned to the insistent 
weight the fiction is in strict ratio to the weight. 

There is no doubt that the friction of the well constructed carriages 
now used on public railways, with self-lubricating apparatus, is much less 
than the above amount. Indeed, some of the ex|)eriments then made 
upon the wagons used on the colliery railways showed the entire re- 
sistance not more than the -^^^th part of the weight. It was my opinion 
then, and subsequent experience has shown that it is more safe in practice 
to adopt the previous conclusion for such wagons in the condition in which 
they are generally found on private railways. 

In pursuing the enquiry, therefore, of the economy of the underground 
railway system, I shall adopt the same course of proceeding, and not 
give results derived from well-built carriages fitted up for the occasion, 
but shall give experiments made with cairiages promiscuously taken from 
the stock actually at work at the collieries when the experiments were 
made. In following this course we proceed on safe grounds, as de- 
pendence may be placed on results thus derived in their application in 
practice. 



The foUowiog are experiments made at difierent Collieries ia the 
Counties of Nortliumberland and DurLam on the Friction of the tubs 
wad at those Colliories : — 

No. I.—SXPEMIMENT made in Ike Main Coul Scam, Hettm 
Colliery, ifarch, 1855. 
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In the above experiment tlie gradient of the plane on whicb the tubs 
icere placed was just sufficient to put the tubs in motion, and tliej wero 
allowed to run alonj^ the plane until they camo to rest, the g^dient on 
that part of the plane beingf a little less than where the tuba were set off. 
The length of the plane from where the tubs were started until they come 
to rest ia given, ns idso the total fall in inches, with tlie rate of 
indination. 

The tubs stai-ting fi^om a state of rest, and coming to a state of ■■ejst 
again, the rate of inclination of the phine is tlic measure of the fnction 
in parts of the weight. Hence the avernge of thesa ox|)erimentd aliew 
the friction to be equal lo tlie -i-inth part of tlje weight. The wheeN, 
when new, being IS inches, and tlie axles 1-3776 inches, the ratio being 
8'73 : 1. The road was laid with rails, havinp^ a round top, and was 
in good condition. The variation in the experiments arose from the 
condition of the tubs, and whether well greased or not. 
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No. ^.—EXPERIMENT made in the Stone Drift, Jtfmor Ea»t 
Pit, Hetton ColHery, March, 1853. 
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This experiment was perfonaed ia the some miuiner as No. I ezperi- 
ment, but in this case the diameter of tlie wheels of the tubs was 7-5 
inches, the axles 1'3776 inch, the ratio being 5'6 : 1, and the road bad 
alEo beeD at work for some time. The Uxfs of the nils bemg quite flat, 
and the road, though In good working order, not in die best, but in ordi- 
nory conditinn. These experiments shew the friction %a be equal to the 
^rd part of the weight. 

No. Z.— EXPERIMENT made in the Old Polka Way EU-mort 
Colliery, March, 186C. 
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This experiment was made in the same manner^ upon a piece of road 
which had been for some years in use, and where the rails were quite flat 
on the top. The road being in ordinary condition. The diameter of the 
wheek and axles being the same as in No. I Experiment, wheel 12 inches, 
«nd axle 1'3?75 inch, ratio 873 : 1. The average inclination of the 
plane in the experiment being I in 827, while it was only 1 in 108 in 
Bxperiment No. 1, shews the difference of friction between an ordinary 
road, with flat top raib, and a newly laid road, in good condition, with a 
round top raiL 

No. ^.--EXPERIMENT made on the Friction of Tuhe at Black 

Boy Colliery, 2ith March, 1855. 

A piece of road was selected, whei*e the inclination was such, that the 
tubs just run of themselves, having a fall of 1 foot 10 inches in a distance 
of 50 yards. An empty tub set in motion, continued its motion down 
the plane, which it traversed in 28 seconds, or at the rate of about 3j 
mQes per hour. The resistance thus shewn would be equal to the ^ 
part of the weight. 

Diameter of wheel, 10 inches, ) ^.. „,nM . -, 
axle, i-375 inch4 5 "*»«' 7 27.1 

On another plane of one in eighty, the tubs run down at about the 
tame velocity. 

In the above experiment the gravitation of -^ caused the tubs to 
describe a s])ace of 50 yards in 28 seconds, which is the measure of friction. 

jjTo, &.— EXPERIMENT on the Friction of Tubs at Killingworth 

Colliery, 3rd April, 1855. 

The same process was adopted in this experiment as in the preceding. 
A piece of road was selected where the tubs just continued in motion when 
moved from a quiescent state, and the following was the result, road in 
good ordinary state : — 

Length of plane, 93*5 yards. Descent, 3*42 feet, 

the ratio of inclination being 1 in 82, which is assumed as the measure 
of friction. 

Diameter of wheels, 11*5 inches, ) ^,. «.^ . , 
axles 1*5 inches^ } ^^'''' ^^ ' ^' 
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No. Q.— EXPERIMENT on the Friction of Tubs at Andrew 

Souse Colliery J March, 1855. 

Tliis experiment was conducted in the same manner as the previous 
experiments. The road was in good ordinary condition, with fiat top 
rails, when it was found that at an inclination of 1 in 73 the tubs when 
put in motion continued without any acceleration of velocity^ making 
the friction the -^ of the weigh L 

Diameter of wheels, 10*25 inches, ) . ty^f. . , 
„ axles, 1-370 inches, j ™^°^ '^ ^ • -^• 

No. 7.— EXPERIMENT on the Friction of Tubs at Crook Bank 

Collien/, March, 1855. 

This experiment was made in the same manner, the inclination selected 
was 1 in 80. The road was in good condition, round top rail. The fric- 
tion would appear therefore to be equal to the ^yth part of the weight. 

Diameter of wheel, 8 inches, ) *,- i - n i 

axle, 1-375 inches, } ™*'°' ^ "" « °«">y- 

The previous experiments were made upon planes just equal to the 
friction of the tubs, and when the motion was very little, if at all, accele- 
rated, hence the sine of the inclination of the plane gives the friction of 
the tubs. The following experiment was made with great care by Mr. 
Atkinson, upon planes, the rate of inclination of which produced an accele- 
rated motion, the usual theorem in such cases being used to ascertain the 
friction. 

No. 8.— EXPERIMENTS on the Friction of Underground Tubs 
or Wagons, at Pontop Colliery, by Mr, J, J, Atkinson, March, 1855. 

The tubs or wagons were allowed to stait fi-om a state of rest near the 
bottom of an inclined plane, and the time occupied in their running a dis- 
tance of 239*91 h(ti, with a foil of 9*35 feet in that distance, being an aver- 
age gradient of 1 in 25'6G, wa.s ascertained by the vibrations of a pendulum. 

The experiments were made on three diiSerent occasions and days, and 
were as follows : — 

FIRST SET OK EXrERIMENTS. THIRD SET OP EXPERIMENTS. 
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l^e Mcond aet of experiments were made by the Overman and back Overman. 

8EG0KD BET OF EXPEaiXEKTS. 

' C let Tub, 27*3 Seconds. ) Average state of 
Full Tuba. < 2nd " 26*3 " 5 lubrication. 

C.3rd « 



25-3 

Ist Tub, 28-3 

Empty Tubs. { 2nd " 31-4 

3rd *« 27-3 



{ 



Newly greased. 

! Average state of 
lubrication. 
Newly greased. 



The foliowing; is the formula by which the friction of the tubs is as- 
certained : — 

Let d = the total length of the plane in feet. 
h = the total height of the plane in feet, 
t = the time occupied in traversing the plane^ in seconds, 
g = a measui*e of the force of gravity in a vertical direction = 

IGj^, being the number of feet through which that force 

urges a body in the first second of time. 

Then -=- is the force of gravity resolved into the direction of the plane; 
being the sine of the angle of the inclination of the plane to the horizon. 
And from a well known theorem -g— is the actual preponderating force 

urging the body down the plane^ expressed in fractional parts of the force 
of gravity^ when it is less than that force. 

And hence -3 -5 — is the force lost by frictional or other resistances, 

d t"g 

also expressed in terms of the force of gravity, by means of which ex- 
pression the results of the experiments have been calculated, as embodied 
in the following table, which also exhibits the observed times of descent. 
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Table of the remit of EXPERIMENTS on the Friction of Coal 
Tubs on Underground Railwaj/s, as tried in the Main Coal Seam 
at Pontop Colliery. 
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AVERAGES OP THE ABOVE EXPERIMENTS. 
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Diameter wheel, 11 '6 ) .. n . o o^ 
„ axle, ' 1-375 } ■^*'°' ^ ' ^'^ 

The above set of experiments were made upon rails having a flat top 
and much wom^ and the frictioD; though not more^ perhaps, than the 
ordinary underground roads m the district, being very considerable. A 
piece of road was selected having round top rails, and where the road 
was in good condition, and the following experiments were made for the 
purpose of ascertaining the difference of resistance between the flat top 
rail, with a road not particularly straight, or in first-rate condition; 
and with round top rails, and the road straight and in good condition. 

No. Q.— Account of EXPERIMENTS made at Pontop Colliery to 
ascertain the Friction of Underground Tubs or Wagons^ on tlie 9th 
and I3th Aprily 1855. 
The tubs were allowed to start from a state of rest, and the time was 
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aaoertained daring which they traversed a distance of 147 feet with a 
total 6J1 of 3'83j being an average gradient of 1 in 88*38. 
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and hence -^^ friction of empty tubs and y^ friction of loaded tubs. 
Nos. 8 and 9 Experiments being made with the same tubs, but upon 
different descriptions of rails, and with roads in different states of con- 
dition, shew the results to be greatly different. The average of the 
en^pfy tubs being respectively 77 tt7 ^^^ 77-t> <^^ ^^ ^^^ loaded tubs 
OT^yy and T^, the general average being as 5^.^ ^ tt^tt; shewing 
that with proper mils, and with a straight road and in good condition, 
the friction or resistance is reduced fully one-half. 

The following w the result of all these Experiments. 
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We thus see that with 11 J inch wheels^ and with the road in good 
conditioD; and round top mils^ the friction is about the j^-gth part of the 
weight; while with rails worn on the top or flat top rails^ and with the 
road in ordinary condition^ the iriction is about the ^^nd pare of the 
weight. The diflerence arising entirely from the state of the road and 
the railS; indeed this is plainly seen by the sinuous motion of the carriages 
on roads in bad condition^ and consequently the rubbing of the flanches of 
the wheels against the rails being very great. The result of wheels of 7 J 
inches in diameter^ the friction on the ordinary roads is about equal to the 
3iyrd of the weight. 

These are very startling results as regards the economy of the convey- 
ance of coals underground; and which raises the very important question 
whether sufficient attention Las been paid to the construction of the 
carriages, of their wheels, and of the roads whereon they have to travel. 
And it likewise points out, with undeniable forcO; the imperative 
necessity of considering with all the energies in our power, whether any, 
and what improvements can be made to diminish the resistance. Such a 
desideratum being the foundation of nil economy in the transit of the 
coal from the workings to the shaft. 

No doubt the height of the beds of coal, to a great extent if not wholly, 
determines the height of the wheels to be used ; but, notwithstanding, 
we see that much may be done by a careful attention to the form of the 
wheels and rails, and to the condition of the roads. 

These experiments agree to a considerable extent with the experiments 
made on the wagons at bank, hereinbefore alluded to, taking into consi- 
deration the difference in the diameter of the wheels and axles. These 
experiments give the resistance as cipial to the tt J<yth part of the weight, in 
carriages of ordinary construction. Tlie resistance of the wheels on the 
rails being equal to the -J^^/jJyth part of the weight; leanug the friction 
on the axle equal to the ^^ J^^th part of the weight. Thus : — 

The resistance of the wheels on the rail being in the invei'se ratio of the 
diameter of the wheels, and tlie friction on the axles being in the inverse 
ratio of the diameter of tlie wlieels to that of the axle, we have, as regards 
the wheels, the ratio of .3 : 1, and as regards the friction on the axles, 
the wheels 'S feet diameter, and axles 3 inchos in diameter, or the ratio 
of 12 : 1, to be compared with wheels of 12 inches diameter, and 
axles 1 J inches diameter, or the ratio of 8 : 1. Then : — 

(ro^oo X 1^ + Got X V) = .:.,j,',th part of the weight for the imder- 
ground carriages with wlieels of 12 inclies and axles 1\ inches; which 
does not differ materially from the result of the experiments. 



251) 

In the cose of tbo oxpcriinout of Black Boj Colliery where the tub.s 
and mils were in gt)od condition, the ratio of the wheels and axles being- 
7"27 : 1, the wheels bein<^ 10 inches in diameter: — we have 

(ixfojj X To) + (lir X t*/t = li'j*^^ P*"*t o^ ^^^c weif^ht; oxi>eriment 
giving the ^j^rnd part of the weight. 

And again, in the case of the small wheels in the third experiment, the 
wheels being 8 inches in diameter when now, or 7 J inches in use: — wo have 

(toVif X f I) + (^J:|: X if) = .iVth; experiment showing the A^rd 
part of the weight. The increased resistance in this case, no doubt 
arifling from the additional comparative resistance by the rubbing of the 
small wheels against the rails. 

We may, therefore, I think, conclude that with wheels of 12 inches in 
diameter, and of axles 1^ inches, or with a ratio of 8 : 1 the friction on 
the ordinary railways underground is equal to the ^,Vnd part of the weight ; 
bat that with well constructed roads, wheels and carriages, the friction may 
be reduced to the x^o^ P^^ ^^ ^^^^ weight ; and that with wheels of 8 
inches in diameter, the ratio of the diameter of wheels and axles being G : 1, 
the friction on ordinary roads will be equal to the ^^^nd ; and on well-con- 
stnicted roads, and proper wheels and carriages, the resistance may be reduced 
to the ^th part of die weighty and so in proportion toany other size of wheels. 

Since writing the above, Mr. Sinclair, late Secretary to the Institution, 
and now Mining Engineer to the Tredegar Coal and Iron Works in South 
Wales, has forwarded to me some experiments which ho has mad(j on the 
friction of the trams used at those work^. 

He says, " with a tram, the wheels of which were such as could be 
either used on a tram-road or edge rail, 10 inches diameter, I found on 
the edge rail it required an inclination of 1 in 70 to move the empty tram 
weighing OGO lbs. ; and an inclination of 1 in 50 to move the loaded tram 
weighing 3360 lbs." 

Also, ^' I tried the following ex|)erimont. I had the way laid down 
perfectly level, and placed a pully at the end ; I then attached the tram 
to a string, which went over the pidly ; and I found it required a weight 
of lSB>s. to move the empty tram of OGOIbs., or ^j^jth part of its weight ; 
and 32B)s. to move the loaded tram of 21()01bs., or ,.^th part; and oSIbs. 
to move the tram when weighing 33G0B)S., or ^^^ th part of its weight." 

Mr. Sinclair .subsequently made the following ex})criments. Wheel lo 
inches diameter, on edge rail. Empty tram 1220Bbs,, 151bs. or T^V^d; 
loaded with IGOOIb^J., mnkin;^ 242!)Ibs., 3'3.bs. or V^jth; and loaded with 
2400B)S., making 3G2Glbs., ollbs. or ,',st part of the weight. 
Vol. III. — April, 1855. m m 
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And on Tram plate, diameter of wheels 19 inches^ empty tram 880B>8., 
9B)s. or 5V<^h; loaded with ISOOIbs., makin<j SOSOlbs., 261bs- or ^^^th; 
and loaded with S^OOIbs., making 33801bs., 47B)3. or ,Vth of its weight. 
These wheels are loose on the axle, and the axles also turn round. In 
all these experiments the wheels and axles were well cleaned and oiled. 



MOTIVE POWER USED ON UNDERGROUND RAILWAYS. 

It need scarcely bo stated that locomotive engines cannot be emplo3'ed 
to travel upon the railways undei'ground. It has been previously stated 
that the average height of the coal beds, at least in the counties of 
Northumberland and Durham, is not more than foui' feet. It is true in 
Staffordshire there is a bed of coal, or rather a seiies of beds, in one mass 
of about thirty feet in height, but besides the question of height there 
are other insuperable difficulties in the way of using locomotive engines 
underground, viz., tlie effect of the heat and steam on the passages or 
air-courses, and on ventilation of the mine, and likewise on the health of 
the miners employed therein. 

We arc thus precluded from the use of the best and most economical 
power for the conveyance of the coals underground, and at present the 
conveyance is confined to Boys, Ponies, Horses, Gravity or Self-acting 
Planes, and Fixed Steam Engines. The Boys andPoiiies being employed 
in bringing out the coals from the face of the workings to the main roads, 
— Horses on the level or nearly level parts of the main road, — Self-acting 
Planes wliere tlie inclination of the beds of coal is such that the gravita- 
ting power of the loaded tubs or carriages, is such as to overcome their 
friction, the friction of the empty tubs, their gravity, and the friction and 
gi'avity of the rope and sheaves on which the rope nms, — and Fixed 
Steam Engines used for dragging the coals up from the deep workings, 
and more recently along the level, or undulating roads where horses were 
formerly exclusively used. 

BOYS AM) PONIES. 

Taking each of these in rotxition, I have stated that boys are employed 
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to convey the coals from the workings of the mine to the main roads, a 
distance generally of from one to two hundred yards, wliero, from the 
height of the hed of coal, and from the intricacies of the workings, 
horses cannot beneficially be employed. Generally, and until within the 
last few years, boys alone were employed, taking one tub containing from 
six to nine cwts. of coal at a time, and conveying from forty to fifty tubs 
per day, and thus travelling from eight to ten miles per day. Latterly, 
or within the last few years, small ponies have been used to ding the 
tubs, smaller boys being employed to drive the ponies, which are generally 
three feet six inches to four feet in height, and thus the coals are con- 
veyed from the workings to the main roads. 

Where the inclination of the beds of coal is moderate, the boys, or 
ponies, convey the coals from the workings with great ease, but where 
the inclination is considerable it is a more difficult undertiiking, the coals 
cannot be brought out of the dip workings without tlie use of strong 
ponies or hoi'ses ; and the operation of bringing the coals fi*om the rise 
workings on a steep inclination is very difficult, fii>st, in preventing the 
trams or carriages from over-running the boys, or ponies, and next in the 
power required to convey the empty tubs up the plane. 

An appai*atus, on the principle of a self-acting plane, has been in use at 
the Killingworth Collier}'-, introduced by Mr. John Liddell, which has 
answered the purpose very well, when the inclination is about 1 
in 3 or 4. 

Figs. 1 and 2, plate II, shews this apparatus. A prop is })laced near 
the face of the working, to which is fastened the sheave B, the other end 
being steadied by the short prop cut into the floor of the mine. A 
counter-balance carriage W is made to run up and down a narrow railway, 
two feet in width, on one side of the bord, the rope from which is passed 
round the sheave, as shewn in the drawings, the other end of the I'ope 
being attached to the tub D. The counter-balance carriage is loaded so 
that the gravity assists in dragging the empty tubs up the plane, and 
this drag prevents the loaded trams from over-running the boys or ponies 
in their descent to the main roads. The prop A and the apparatus is 
removed forward every niglit as the coal is excavated, so that the trams 
are brought close to the face of the working, and this is done with very 
little trouble and expense. The counter-balance carriage rests against the 
prop E when at the bottom of the plane near the main levels, and it passes 
into the depression F when at the top, so that no brake is required to cause 
it to remain at rest when not in action. By this apparatus large quan- 
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titles of ci):il.s ai'o hnxi^lit down fram the workings at the inclination 
above stated, of 1 in 3 or 4, with almost tbo same power as npon a 
level road. 

HORSES. 

It has already been explained that horses have been generally used on 
the main roads, or water levels, or on roads not materially varying there- 
from. The comparatively small power which a horse is capable of exerting 
renders it impracticable, consi8t<?ntly with economy, to employ horses upon 
Inclined roads where the gravitation of either the empty or loaded tubs 
present any considci*able amount of resistance. 

It becomes, therefoi^, of importance to ascertain, on what inclination 
of road, under all the circumstances which can arise underground^ horses 
can perform a maximum effect ; so that in practice we may endeavour to 
lay out the roads to that rate of inclination ; and to avoid deviation 
therefrom ns much as practicable. 

The rate of inclination at which water will flow in a mine, subjected to 
the casual inten'U[)tions incident to such cases, is about 1 in 260, or about 
an eighth of an inch in a yard. This may, therefore, be said to be the 
ruling gradient of horse roads generally, the water levels, as previously 
stated, being generally used as horse roads. We have found the friction of 
the tubs to be equal to the ^th part of their weight in one case, and about 
the ^th part in another case. 

In almost all tlie cases in underground traflSc the load is entirely in one 
direction towards the bottom of the pit ; the empty carriages being the 
only resistance in the opposite direction to the workings. And we may 
take generally the empty tubs to be equal to 3 cwt., and the weight of 
coals 9 cwt., making the weight loaded 12 cwt., and empty 3 cwt. 

The inclination of road which will make the resistance equal in both 
directions, supposing the friction to be equal to the ^'^th part of the 

weight, will, theie/cre, I.o ^ = 4 nndi^J = ^ and -3:^-^ x -^ 

= Yqq ^^^^ incliuiitiun when the resistance is the i?anie in both directions. 
And if the friction is equal to the g'ijth part of the weight, then 
X 7777 = -rr::^ the inclination of the road. 
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In the (experiments on the ])0wer of hoi^^es (h-ajr^ing carnages on rail- 
roads ahovr groimd, I arrived at the conclusion that a horse was capable 
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of exerting a force of ISO Ibs.^ travelling at the mto of 2 to 3 miles an 
honr, and that he was capable of continuing that exertion for 10 hoiu*s, 
or for SO miles in each day, when the load and resistance was equal in 
both directions ; or that he was capable of exeiling a force equal to 180 
lbs. in one direction^ and 60 lbs. in the other, when the load was in one 
direction only, and when the stages were not long, performing, in the 
latter case, also SO miles per day. 

If the ratio of the weight of the loaded to the empty caiiiagcs be as 
3 : 1, we have the inclination to cause the resistance to be the same in 
both directions ; the friction being equal to the ^J jth part of the weight 

8^1 1 1 

A , ^ X ^^ = Tjjg the inclination of the plane. 

The weight, therefore, which a horse would drag on a level road, 
exerting a force of ISOlbs in both directions, would be 120 x SOO = 
240001bs. or 10 tons for SO miles, or a gross performance of SOO tons one 
mile per day; and of useful performance frds or Gj tons per SO miles, or 
133|- tons one mile, which may be termed the maximum practical per- 
formance. 

If the load is only in one direction and level, and a horse exeils ISOlbs. 
with the load, and GOlbs. with the empty caniagcs, then the useful per- 
formance will be 10 tons conveyed 10 miles per day, or 100 tons conveyed 
one mile; but, if the inclination of the road is such as to make the load equal 
in both directions, or 1 in 400, then a maximum effect will be produced, and 
the useful performance will be 333^ tons conveyed one mile. 

I shall now g^ve some cases of the |)erformances of horses employed in 
the conveyance of coals underground : — 

1.— HKTTON COLLIERY, ELEMORE PIT. 

Weight of empty tubs 4 cwts. each. 
„ loaded tubs ISA cwts. each. 

Chalni. Chains. Chainii. 

1st stage, 31 X 3 = GS x 9 ti-ips per day = 558 
Snd do. 63 X S = 106 X 9 do. = 054 

3i-d do. 70 X 3 = 140 X 17 do. = 3380 
4th do. 47 X 2 == 94 x 18 do. = 1G93 



Total distance ti-avellod 5584 
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Seven liorses were employed, tlierefore — s- == 800 cLains nearly, or 

eqnal to ten miles per day each horse. The load of each horse was foui*- 
teen tuhs of 12 J cwt. each loaded, and 4 cwt. each empty. Supposing 
the inclination of the road such as that the resistance was equal in both 
directions, and that the friction was equal to the ^^th part of the weight, 
the wheels being 13 inches in diameter, the resistance would be 1629)8. 
for ten miles a day, or a performance of 1,0200)8. moved one mile in a 
day j and the useful performance 5 tons 19 cwt. conveyed five miles per 
day, or 29*76 tons conveyed one mile per day. 

In this experiment the hoi'ses had to go to several stations, which 
caused great delays, and conser^uently the distance travelled was very 
small, though the resistance was more than ordinary. This was a single 
line with sidings. 

IIETTOX COLLIERY, ELEBfORE PIT. 

This was a piece of road of 1,280 yards in length, to one station only? 
and tbe road was double. In this case the horses took 14 tubs, of the 
same weight as the former ezpeiiment. There were 8 horses employed, 
and they performed 99 journeys, which is equal to 17*22 miles per day 
for each horse, with an uniform i*esistance of 1620)8., and is equal to a 
performance of 2,7891bs., moved one mile each day, the useful perform- 
ance being 5 tons 19 cwts., conveyed 8*01 miles per da}', or 51*23 tons 
conveyed one mile per day. The horses were very powerful, and 
the road was kept in excellent order, therefore the resistance was probably 
less than the estimated amount of friction. This now forms the engine 
plane of the Elemorc Colliery, shewn in figs. 3 and 4, plate I. 

IIETTON COLLIERY, MINOR PIT. 

This is a stage of 990 yards in length, on which seven hoi*ses were em- 
j)loyed, performing 100 jounioys per day, the number of tubs taken at a 
time being 9, of 4 cwt., empty, and 12 J cwt., loaded. These tubs have 
8-inch wheels, the friction being about the ^\,th part of the weight. The 
pcrfi)mianco, tlierofoi'e, is an average eftect of 138*01b.s., moved sixteen 
miles a day, ur 2*J17'Clbs., moved one mile per day, and the useful [Hjr- 
formance 3*825 tons conveyed eight miles u day, or 30*6 tons conveyed 
one mile per diiy. 



fi. 
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ANDREWS HOUSE COLLIERY. 



This experiment was made at tlie end of the engine plane^ shewn 
in Fig. 8, Plato I. One horse dragged 11 loaded tubs out^ taking the 
same number back again empty. The weight of the loaded tubs was 144 
cwts. 1 qr. 21 lbs., and of the empty tubs (58 cwts. 1 qr. 21 lbs. The 
inclination of the road was 1 in 1S2, descending in the direction of the 
load. The number of journeys each day was 67 for one hoi^se^ and the 
distance being S8o yards^ consequently the total distance travelled was 
nearly fifteen miles per day^ friction of tubs ^rd part of their weight. 

Cwts. Qr. lbs. 938. lbs. 



Then 144 1 25 x 

X 

And 58 1 21 X 

X 



^^ " It f^!^''^' } = 148 resistance, loaded. 
Tpj = 221 fnction, 3 

Mean resistance 1341bs., moved fifteen miles per day, which is equal to 
2,0101bs., moved one mile per day 3 and the useful performance is 7*22 
tons, conveyed 7*5 miles per day, or 54*15 tons conve3'ed one mile for 
such horse. It must be remarked, however, that this was under very 
favorable chrcumstances, as the horse was not detained at each end, and 
the gradient was about 1 in 100. 



MARLET HILL COLLIERY. 

At this Colliery there are four stages, viz. : — 

Chaiiu. Tripi. Chalaa. 

Gibside, 69*7 x 84 = 2369-8 

Crosscut, 105-5 x 24 = 2532-0 

Central, 108-0 x 22 = 2376-0 

No. 9, 100-5 X 22 = 2211-0 



Total distance ti-avelled . . . 9488-8 



0488*8 
Fifteen horses are employed, therefore "TFT" = 632 chains, or 7*9 

miles X 2 = 15*8 miles per day each horse. The number of tubs 
taken at a time was 10 ; the loaded tubs 13 cwt., and the empty tubs 5 
cwt,, consequently the useful performance was 7-9 miles x 4- tons = 
31-6 tons conveyed one mile per day ; the load behig all in one direction. 
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SPRINQWELL COLLI BUY. 

Tlicso arc two cases where, besides convoying the coals along the 
stages^ the horses in the first case have to drag the trains from the top 
of the engine plane to the shaft, a short level stage of 100 yai*ds only; 
and also to take the trams from another flat to the shaft, the stage being 
660 yards, and the inclination against the load 1 in 80, which is a very 
disadvantageous application of horse power. And in the second case, 
the horses take the trams from a pony flat to the landing, where the 
engine drags them along a stage of only 672 yards, and the horses have 
also to drag the empty engine set into the landing. Three horses are 
employed in the first case, the number of journeys per day being 63 on 
the 100 yard stage, and 15 on the 660 yard stage. The load in both 
cases is eight tubs, the weight of the empty tubs being 3| cwt, and 
when loaded 11 J cwts. These tubs have 10-inch wheels. Supposing 
the friction to be equal to the -^^^th part of the weight, then the resistance, 
with the load, up the stage of 672 yards, will be 2321bs., and on the 
level llOlbs, the relative distances travelled being 8,680 and 6,300 yards, 
the mean resistance will be 183*61bs., which is the maximum practical 
performance of a horse above ground. The useful performance by the 
short staged, and delays at the termini, being only 3*9 tons, conveyed 
2*8 miles, or 10*92 tons conveyed one mile for each horse. 

On the stage of 672 yards, four hoi*ses are employed, the number of 
joumc3's per day being 07, and the load tubs, the road being undula- 
ting but generally level, the weight of the tubs and coals the same as in 
the last experiment. The useful performance in this case is 2'8 tons, con- 
ve3'ed 6*45 miles per day, or lir!L?G tons conveyed one mile by each hoi*se. 

Tlie folloi^ing table will sliow the performances of hoi-ses under-ground 
in these several cases, and also the peribjinaiico of horses above-ground 
with the ordinary coal wagons : — 
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TABLE OP THE PERFORMANCE OP HORSES UNDERGROIJxND. 
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8- 



7-5 



2-8 



5-45 



10' 



10- 



20-75 



51-23 
300 
54-15 
31-0 

10-92 

15-20 
100* 
133-33 



It will be seen from the foregoing table that the generally useful per- 
formance of a horse under-ground is not more than one-third of the 
ordinary^ or one- fourth of the maximum useful performance of a horse on 
the colliery railways on the sur&ce. ^Tbe second case of Elemore CoUiciy 
is an ejcception, the performance there amounting to one-half; but this 
case was a peculiar one^ the road was in excellent condition^ it was double 
from end to end of the stage, and there was not, consequently, those 
stoppages at the passing places and at the ends of the stage which 
BO materially diminish the useful performance of a horse under-ground. 
The horses employed on this work were powerful ones, and required 
great feeding to keep them in good working condition ; and tlic same 
is the case at Andrew's House Collier}'. 

I shall now give the performances of horses employed under-ground on the 
tram-roads in South Wales^ which I have been favoured with by some of the 
managers of the extensive coal and ironworks in that district of the country. 

The following table is an abstract of the performances of horses in 61 
coal and iron-stone levels, which I have compiled into the same form as 
that of the performances of horses in the County of Durham. 
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The above table is a most important contribution to our information of 
the performances of horses in the South Wales District, and exhibits, very 
conclusively, the necessity of improvements in the economy in the con- 
veyance of the coals and minerals under-groimd in that part of the country. 
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It is necessary to explain, however, that, as will be seen on examining 
tiie table, the reason for such a diminished performance is not so much 
from the small load which is taken at a time, as from the short average 
distances which the horses travel; and this is owing, in a great deg^ree, 
to the practice in that country of taking the trams into the working 
places with the same horses which take them along the levels, by which 
great delay of time is occasioned; and also from all the levels being 
single, with passing places, not very frequent, and which is likewise the 
eanse of considerable waste of time, so that the average distance which 
m horse travels in each day is little more than 6} miles. 

There is no doubt that the state of the levels, and of the trams abo, 
contribute to produce this low standard of performance. The levels are 
mostly those which have been driven for the drainage of the mines, and 
as before remarked, are extremely crooked and tortuous, following all the 
ainnous undulations of the inclination of the strata, and are mostly tram- 
roads, and very liable, from the water in the levels, and from occa- 
sional falls from the roof and sides, to be not in good condition. The 
trams are not, likewise, well constructed, the wheels are almost generally 
loose on the axles, and there is not much pains taken in fitting them up. 
The more recently made roads are in better condition, and the trams are 
fitted up with more care, so that there is no doubt a more favourable 
result will shortiy be accomplished. Still the performances of the horses, 
and consequentiy the very great cost in the conveyance of the coals and 
minerals in this district, demand that every investigation -of which the 
subject is capable, is incumbent on the Mining Engineers of the present 
day, and which it is trusted this inquiry maybe the means of promoting. 

There does not seem, at first sight, by these tables, so great a benefit 
from the adoption of the edge rail, as will appear from a short investiga- 
tion. Taking the two first cases, the difference is about ten per cent., 
but the wheels of the trams are 20} inches, whereas the wheels of the edge 
rail trams are only 17 inches. In the last two cases, where the wheels are 
the same diameter, the difference is equal to fifty per cent. The perform- 
ance in the last case is quite equal, in respect of the load taken, to that 
of the roads in Durham, except that in the latter cases the wheels are 
from 8 to 12 inches, whereas in the foiTner they are 17 inches in 
diameter. But the falling off in the distance travelled is very striking, 
and can only be attributed to the causes which I have pointed out. 

The geneittl result, however, both in Durham and South Wales, points 
out with irresistable force the great neoBssity, in an economical point of 
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vieW; of the substitution of machinery for horse labour^ in the convey- 
ance of coals and minerals under-ground. For^ if it has been thought 
advisable almost^ if not entirely, to supersede the use of horse labour 
in the conveyance of minerals on the surface, where the performance of 
a horse is so much greater than under-ground, how much more then is it 
necessary for such a substitution under-groimd, where the performance 
of horses is so extremely deficient and their employment so costly. 

SELF-ACTING PLANES. 

The next subject for consideration in the conveyance of coals under-r 
ground is the employment of self-acting planes, where the gravitation of 
the loaded caniages or tubs is sufficient to overcome, 1. The friction and 
gravitation of an equal number of empty carriages or tubs. 2. The 
fnction of the rope wheel, and sheaves, and the rope whereby the plane 
is worked, and to leave a sufficient surplus of force to perform the opera- 
tion of letting down the loaded, and dragging up the empty carriages in 
a given time. 

This description of power, is the cheapest of all power used in the con* 
veyance of coals imderg^und, either animal or mechanical ; and it is, 
consequently, of the greatest importance to ascertain to what extent, and 
under what circumstances it can be employed. It can only, of course, be 
used when the coals have to be brought from a higher to a lower level, 
and where the inclination is such as to produce the requisite gravitating 
power, and hence it will be necessary to inquire at what rate of incli- 
nation, and under what circumstances such a power can be employed. 

The theory of the action of self-acting planes is well understood. The 
moving power G is the gravitation of the loaded carriages W, multiplied 
into the Sine of inclination of the plane, consequently G = W Sin. I. 
There is, then, opposed to this— the gravitation of the empty carriages 
g = w Sin. I, w representing the weight of the empty carriages, added 
to the friction of the loaded carriages F, the friction of the empty carriages 
f, and the friction of the rope wheel, rope and sheaves on the plane n, 
consequently, when G = gH-F-ff-fn, the moving power is equal 
to and balanced by the resistance. There is, then, a further balance of 
power required to overcome the vis inertia of the whole mass, and to cause 
the carriages to perform the descent and ascent of the plane in a given 
time. Let S = the space to be traversed or the length of the plane, 
r = 16^^ feet, the space which a falling body descends in a second of 
time, and t the time of descent, and w' the weight of the rope wheel, rope 
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and sheaves on the plane. Then^ according to the well known law of 

fijling bodies^ - — ^ t^ — = the force required to cause the 

trains to pass down and up the plane in the time t^ which make G^ 
We have then G = the moving power opposed tog + F + f+ninall 
cases. If we, therefore, make F = g + F + f+n, we shall simplify 
the notation, and retaining G^ ^ the gravitating or surplus power requisite 
to cause the trains to traverse the space S in the time t. 

HeHceG'.=:G-F= (^-*-^;^^% l) 

r t* ^ ^ 



likewise t = |(!L+JL+:!l2LS (gj 

aJ G — Fxr 

and Sin. I = — (4) 

W - w ^^ 

, I shall now give some examples in practice of cases where the inclina- 
tion is the least which can be employed for this description of power. 
Where the inclination is considerable, or where it is such as always to 
produce a surplus power in G', more than sufficient to cause the trains to 
traverse the space S in the time t, then no theoretical rules are necessary 
the time t can always be regulated by the number of full and empty 
carriages; and recourse can be.had to the brake if these cannot be so 
zq^ted as to produce the required speedy but upon the flat planes some 
calculations are necessary. 

The following experiments were made on a plane of a very moderate 
inclination in the Elemore Pit, Hetton Colliery : — 

The plane is, exclusive of the landings at top and bottom, 1565*1 feet 
in length, with an entire &11 of 47 feet, or an average inclination of 1 in 
33*8. It is perfectly straigljit, but not of an uniform inclination, having 
an increased inclination at the top, to put the trains into the requisite 
velocity, and is gradually diminished towards the bottom of the plane ; 
which by producing an increased resistance to the empty carriages 



at the top, and a diminished gravitation of the loaded ones near the 
bottom bringH the trains to rest, 

A aection and plan of this plane is given in Plate I, Figs. 3 and 4, and 
the following are the experiments made, a portion of 389 yards in length 
being selected for the experiments, with a fall of 3877 feet, or an inclina- 
tion of 1 in 30. 

EXPERIMENTS made on ths Polka Inelined Plane, Elemore 
Colliery, March 14^ 1855. 
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The result of these experiments, with 34 loaded and 36 empty tubs, 
is as follows '. — ^The time of descent averaged S minutes 18 seconds ; the 
weight of the descending load was 84-406 lbs., and the weight of the 
ascending load 12*038 lbs. The inclination of the plane was 1 in 30. We 
have, therefore, the gravity ofthe load or moving power G = 1146*8 lbs., 
and the gravity of the ascending load g = 401-3 lbs. The tubs had 
wheels of 12 inches diameter, and axles 1*3776 incbesin diameter, and the 
rood being in good condition with round top-rails, we may, therefore, 
assume the friction to bo the same as that of similar wheolB, tubs, and 
railway, as shown m the experiments in the main cool seam, viz. : — rn^"* 



273 

part of the weight This would make the friction of the loaded tubs 
F s 318*6 lbs, and the empty tubs f = 104 lbs. 
We have then 

(W + w-f wQxS _ (84-406 -H2'308 4- 8458) x 1167 _ .^^ ^^„ 
T? - 16tV X 138« - •iyi*-l^l*>6- 

fi= G' the force to cause the trains to traverse the space S in the time t. 



And, therefore, 1146-318-6 + 104 + 401-3 + 191-16 = 131-76 lbs. 

the friction of the rope, rope-wheel and sheaves. The weight of the rope 
being 825 lbs., the rope-wheel 1120 lbs., and 2 of the sheaves in action at 
a time 1508 lbs. = 3453 lbs., consequently, the friction is equal to the 
T^th part of the weight. 

Another experiment was made upon this plane, as will be seen in the 
table, with 24 loaded and 28 empty tubs. The result of which was that 
the sets were run in S minutes 20 seconds. This gives 



r t' 



and, consequently, 



1146-8 - 318-6 + 142-86 + 401-3 + 92-68 =^ 191-36 lbs., 

the friction of the rope, &c. The velocity of the carriages being much 
less than in the other experiments, and a difference in the greasing of the 
wheels of the tubs may accoxmt for the difference between this result and 
the former. 

The number of tubs which are usually run down at a time in regular 
working is 24 loaded and 24 empty. The time of running being about 
2 minutes. It will be seen, however, that in case of need, an additional 
number of tubs can be taken up, or a return load equal to the gravity 
and friction of 4 tubs, or a resistance equal to 77*72 lbs. The regular 
day's work of 12 hours is about 70 trips. 

Taking the result of the first 6 experiments, and the every day's ex- 
perience of the working of this self-acting plane, we may safely assume 
that such a power can be employed in the conveyance of coals under- 
ground at an inclination of one in thirty, with a speed of between 7 and 
8 miles per hour ; and that with 24 tubs, there is an excess of power equal 
to about Ysth part of the moving power, upon a plane about a quarter 
of a mile in length. 
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The following experiments were made at my request on an inclined 
plane at Pontop Colliery, by Mr. Atkinson, a plan and section of such 
plane being shown in figs. 6 and 6, plate I. 

A space was marked out on the plane, the length being 1217*4 feet= 
S, the descent being 44'08 feet, making an inclination of 1 in 27*62. 
Thirteen loaded tubs were run against 13 empty tubs, and the following 
was the time of descent of seven sets of experiments : — 

Yis. ...*.. 1 205 Becondfl 

2 176 

3 204 

4 195 

S 180 

6 178 

6 175 



Ayeragetime 188 seconds, nearly. 

The weight of the loaded tubs is 19*695 lbs. = W, and the empty 
tubs 7*514 lbs. = w. The rope-wheel 1110 lbs., the rope 1303 lbs., and 
the sheaves 1145 lbs., together 3559 lbs. = w'. Consequently we have 

^ 19*695 ^,^„ 7*514 _^,, ^ 19*695 ,^^^,^ 

G= 27:52 =7131bs.,g =27:32'= 272 lbs. ^=--525- =157*51bs.; 

7*514 
and f = -Q^ = 78*6 lbs. The firiction of the tubs having been ascer- 
tained by No. 9 set of experiments previously given. 

-rrr 1^ i_ (W -f- W -}- w') X S ^^^«„ ^, 

We have then ^^ — ^^, — ^ = 65*12 lbs. G' 



And, consequently, 713 - 272 -f 157*5 + 78*5 + 65-12 = 139*88 lbs. 
the friction of the rope- wheel, rope, and sheaves, being about the l-23rd 
of the weight. 

Thirty-four runs is about the every day-work of this plane in twelve 
hours — 16 loaded and 16 empty tubs forming the train in each run. 

The experiments on this plane corroborate those of the Hetton plane, 
and also the conclusion arrived at, that, with the present tubs in use un- 
derground self-acting planes can be used at an inclination of 1 in 30. 
In this experiment the rate of speed was 1217 feet in 3 minutes and 8 
seconds, which is at the rate of 5 miles per hour with 13 tubs only ; 
whereas 16 tubs is the usual number used, which is a power equal to 23 
per cent, greater. 
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FIXED STEAM ENGINES. 

The next description of motive power used in the conveyance of coals 
tmdergroond is the Fixed Steam Engine. 

This description of motive power has been used for several yeai*s. 
More than thirty years ago a series of engines were in use at Killingworth 
Colliery — the first one was placed near the bottom of the pit, which pumped 
water up a staple of twenty fathoms in depth^ and the coals were also 
drawn up from the same level to the bottom of the pit by an inclined 
plane^ a distance of about 500 yards. 

On pursuing the workings further to the dip, another steam engine 
was, subsequently, placed at the point from which the former engine 
dragged the coals; and this second engine, which was erected at about 
600 yards from the bottom of the pit, dragged the coals frt)m a further 
distance of 500 yards, and from an increased depth of level of twenty 
fiithoms. 

And lastly, on the prosecution of the workings still further to the dip, 
a third engine was erected at the distance of 1000 yards, and at a level 
of about forty fathoms below the bottom of the pit; which engine dragged 
the coals a further distance of 500 yards, and at the increased depth of 
about thirty fathoms: — making altogether a series of engine planes 
dragging coals a distance of 1500 yards, and from a depth of level about 
eighty fathoms below that of the bottom of the pit. 

And it may be also stated, that the water was likewise pumped from 
this extreme distance, and from the depth of eighty fathoms below that 
of the bottom of the pit, by a system of sliding wooden spears, and pumps 
laid down the drifts. 

The boilers supplying the steam were placed at the stations where the 
engines were placed, the smoke being conveyed to the bottom of the pit, 
by drifts or flues prepared for that purpose. 

With such an extensive application of engine power more than thirty 
years ago, it is rather a matter of surprise that such a power has not since 
that period been more extensively employed underg^xmd. There are 
no doubt instances of the application of engine power at a great many 
collieries in the trade, but these have, I believe, been almost exclusively 
confined to a single engine placed near the bottom of the pit, and drawing 
coals and water up a single plane from the deep workings. Until recently, 
no attempt has been made at the introduction or employment of the 
Vol. III.— April, 1855. o o 
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steam engine underground^ as a system of motive power in substitution 
of horse labour. 

We Have already seen that horse power underground is employed at a 
great disadvantage, as compared with the employment of horse power above 
ground, the efficient performance in the former case not being more than 
59 per cent, of the efficient performance in the latter. When it is consi- 
dered, therefore, that the principal cost of a steam engme is fuel, and that 
this article is in superabundance at all collieries, and that the fiiel which is 
generally used by the steam engines at a colliery, can be obtained at a com- 
paratively small cost; it is a subject of great importance how fiv the use of 
steam engines can, in an economical point of view, be employed in substitu- 
tion of horse labour in the conveyance of coals underground. But it is 
likewise not of less importance to ascertain, to what extent it can be em- 
ployed, and in what manner, in the conveyance of coals to the deep of 
the pits, and to a greater distance from the shafl^ than it is practicable 
to accomplish economically by horses, and so likewise to supersede the 
cost of sinking pits. * 

In the investigation of this important question, in the economy of the 
conveyance of coals underground, I have obtained all the information in 
my power, and have had such experiments made, at the different collieries 
wh^re eilgine power has been used, as will, I trust, enable me to exhibit 
to the Institute such information as will enable them to arrive at a correct 
practical conclusion on the subject. 

The experiments embrace practical results in almost all the different 
applications, requisite to establish a complete system of fixed engine power 
in the transit or conveyance of ooals undergroimd, where it is advisable 
to resort to the use of such a system ; and which, together with the aid 
of self-acting inclined planes ; will present a system of mechanical power, 
for the conveyance of coals underground in any colliery, without the aid 
of horses, except as auxiliaries to those two mechanical powers. 

Firstly — I shall therefore, first of all, give experiments on the powers 
and capabilities oj fixed engines employed in dragging coals from the 
dip, where the inclination of the strata is such, that the empty carriages 
have sufficient gravitating power to drag the rope after them, and which 
is to be used in dragging the loaded carriages up the plane. This is the 
system already alluded to as having been practised in the trade for 
several years. I shall give experiments on engines of this description 
employed at Hetton, Killingworth, and Springwell coUieries. 

Secondly — I shall then give experiments on the powers and capabilities 
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qf fixed engines used as substiMes for horse power along the level roads. 
Hie roads rim^ from the shaftsy or bottom of the pits, to where the coals 
en to be brought from, and where hitherto horse power has been almost 
adusiveljiised^ and these experiments will extend ap to that inclination 
where the self-acting inclined plane comes into operation, or where it can 
be used. This section will, therefore, embrace the system of engine power 
cooYeyaDoe, from a level or undulating road to the rissy or above the 
level of the pit, until the self-acting jiaae can be used. 

Sntirdly — ^I shall also give experiments on engines — practically the 
erne, however, as those last described — used, from the level of the pit to 
end! an inclination dipping from, or below the level of the pit, where such 
inolination is not sufficient to enable the empty carriages to drag out the 
vope, which is afterwards to be used by the engine in dragging the loaded 
cavriages up the plane : — ^forming a system of engine planes between the 
wvter-level line to the dip^ up to the point where engine power can be 
empbyed with a single rope in dragging coals from the deep of the mine, 
ee in the first case;— «nd thus completing the system, in all the varieties, 
of fixed engine power xmdergfround. 

The experiments which I shall give in illustration of the two last cases 
will be from engines actually employed at Eillingworth, Hetton, Harley 
Hill, and Black Boy collieries. 

In the investigation of thepowers and capabilities of underground engines, 
the cases will comprise the application of engines, where the cylinders or 
power is placed underground, and where the boilers producing the steam 
is also placed undergroimd. But it will likewise comprise cases, where 
the cylinders or power is placed underground, and where the boilers are 
plaoed on the surface, the steam being conveyed down the pit in pipes; 
and it wUl also comprise cases, where both the boilers and machinery are 
|daced on the surface, and where the ropes dragging the load are taken 
down the pit. 

The following are the experiments alluded to : — 

No. 1. Experiments on engines dragging coals from. the dip with 
a single rope : 
Hetton, Killingworth, and Springwell Collieries. 
Mo. 2. Experiments on engines dragging coab along the level 
roads where horses were formerly used : 
Hetton Colliery Elemorb Engine Plane. 

East Minor Plane. 
Killingworth and Marley Hill Collieries. 
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No. 3. Where the engine is employed in dragging coals along the 
level, and likewise in a cross-cut direction, midway 
between the level and the full dip, where the first de- 
scription of engines are employed : 
Black Bot Colliery. 
In the last case the engine is also employed in pumping water 
from the dip by a process which will be hereafter described — an 
operation which is. very essential, if the extension of engine power 
is to be applied to supersede the frequent sinking of pits. 
It was scarcely necessary perhaps to give drawings of any engines, as 
there are a great variety of forms of engines which may be used for the 
purpose. I have, however, thought it advisable, for the information of 
those who may not have had opportunities of seeing such description of 
engines in operation, to give drawings of two different kinds of engines 
which are actually at work; and I shall endeavour to illustrate, with the 
aid of those two drawings, the different applications of engine power 
requisite to complete the system of fixed engine power to which I have 
previously alluded. 

Figs. I., II., and III., Plate IILy are the Ground Plan, Front Eleva- 
tion, and End View of an imderground engine which I have erected at 
the Black Boy colliery, near Bishop Auckland. The engine is placed 
underground, and the boilers on the surface; the steam from the 
boilers being conveyed down the shaft or pit by cast iron pipes, and the 
exhaust steam being also conveyed to bank up the pit in the same manner. 
The pit is what is called a downcast shaft, namely, the air for the venti- 
lation of the mine being conveyed down the shaft. 

The construction of the engine is, what is called a self-contained engine, 
the whole of the machinery being placed upon bed plates, rendering it 
capable of being readily removed from place to place, and taking up as 
little space as possible, both of wliich ai-e essential requisites in such 
applications of power. Two cylinders are used, and likewise a fly-wheel, 
steadiness of action being extremely desirable in such cases, especially 
where wire ropes are used. 

Two sets of rope rolls, AB, CD, are used in this case, all of which are 
capable of being attached or detached in, or out of gear — to run freely 
round upon the axles when the rope is dragged out from the engine, and 
to be attached to the axles when the power of the engine is applied to 
drag the train of tubs up, or along the plane. It is not necessary to 
give any detailed description of the machinery, as this will be sufficiently 
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comprehended from the drawings^ and from the well-known mode of con- 
stmction of snch engines. 

Figs. X., XI., and XII., Plate /., show the g^roimd plan, and sections 
of the planes on which this engine is applied. One set of roUs, say C and 
D, drags the loaded and empty carriages back and forwards on the piano 
Fig. X., and sect. Fig. XI., suppose between the Howlish landing and the 
landing near the pit; and the other set of rolls, A and B, drags them 
along the plane Fig. X, and section Fig. XII., suppose between the Wood- 
side plane landing and the pit. One roll of each set being alternately 
thrown in, and out of gear, as the loaded trains are drawn towards, and 
the empty trains from, the engine. 

' This operation is thus performed. Sheaves, a and b, are placed at the 
ends of the planes, and besides the two ropes attached to the two 
rolls, what is called a tail rope passes round these sheaves, namely, 
a rope of the same length of the plane, one end of which is attached 
to the end of the loaded train, when the train is at the end next the 
sheave ; and the other end is attached to the empty train at the landing 
near the shaft. When the engine therefore drags the loaded set towards 
the shaft it drags the tail-rope with it, and the other end being attached 
to the empty train of the other roll, it also drags the empty train, and 
with it the rope out from off the roll. When, therefore, the loaded train 
arrives at the landing near the pit, the empty train arrives at the end 
of the plane next the sheave. The gearing of the roUs is then changed, 
and the same operation alternately goes on throughout the day. This 
arrangement requires a double line of railway, or three rails, with a passing 
place in the middle between the pit and the landings. 

Sometimes,, however, where a great quantity of coals is not required 
to be conveyed, and a smgle line only is laid down (and this is the 
case in this instance), the rope fix)m one of the rolls leads along the 
middle of the road, and is called the main rope, and the rope from the 
other roll leads along the side of the road, and is called the tail rope; this 
latter rope passes round the sheave at the end of the plane, and is attached 
alternately to the end of the loaded &nd the end of the empty set. Sup- 
pose the loaded set at the landing next the sheave, the main rope is 
attached to the one end of the train, and the end of the tail rope to the 
other — the train is then drawn to the landing next the shaft, by which pro- 
cess it drags after it the tail rope fi'om off the other roll. The toil rope is 
then attached to the end of the empty set, and the end of the main rope 
to the other ; the main roll is thrown out of, aud the roll of the tail i*ope 
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into gear^ and the empty set is thus drawn to the extreme end of the 
plane^ or to any of the intermediate landings, by the tail rope whidi 
passes ronnd the sheave. 

Plate IV., Figs. I., IL, and III., shows a Gromid Plan, Front Ele- 
vation, and End View of an engine with an endless rope; Fig. I. beings 
a gromid plan. Fig. II. a front elevation, and Fig. III. an end view. 
The constmction of the engine itself is the same as in Plate III., with 
two horizontal cylinders, and attached to a bed plate, but the appli- 
cation of the rope rolls is entirely different — a, is the driving pinion oo the 
crank axle, which works into the cog wheel b; on the same shaft, and 
fixed thereto, is a wheel c, with three grooves, as shown in the drawing^^ 
and d, is a similar grooved wheel — g, is a horizontal sheave, roimd which 
the rope passes, and which moves upon wheels, as shown, and b, is a ver- 
tical sheave, over which a rope passes, one end of which is attached to 
the framework of the moveable wheel g, and the other to a heavy weight 
w, and at the end of the plane another horizontal sheave is placed, round 
which the rope winds. 

Figs. VII. and VIll., Plate /., shows the plan and section o! the 
plane which this engine works, and Fig. IX. shows the arrangement at 
and about the pit where the engine is ]4aoed. 

The mode of operation is as follows : — ^The rope is an endless one; it 
passes three times round the grooved wheel c, worked by the engine, and 
the same number of times round the grooved wheel d. The darts show 
the direction which the rope runs. Passing along in the direction of the 
dart 1, it passes over the upper side of the wheel c, in the groove 3, to 
the underside, and over the groove 4, of the wheel d, then over and under 
grooves 5, and 7, and under and over 6, and 8, and from the upper side of 
8, in the direction of the dart 9, around the sheave g, and so along the 
plane in the direction of dart 2, to the sheave s, shown in Fig. VII., 
Plate I. 

The ropes always pass in the same direction, the loaded train being 
attached to the rope, dart 1, and the empty train to the rope, dart 2. It 
will therefore be seen that the action of the engine is always direct with 
the rope 1, and the loaded train ; and the rope is prevented sxu^g by 
passing round the three grooves on each of the wheels c, and d, and from 
them around the stretching wheel g, which, being attached to the weight 
w, keeps the rope always tight around the grooved wheels, and along 
the plane. 
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FRICTION OF ROPES ON FIXED ENGINE PLAJ»ES. 

It IB necessary, before going into the elucidation of the power and capa- 
bilities of fixed engines, to know the amount of friction of ropes on fixed 
engine planes, especially when the empty tubs are to take the rope down 
the plane, which rope is again to bensed for dra^;ing the loaded tubsnp 
Hw plane ; as this determines the limits of ^ employment of engines of 
ihedescription of No. 1. And, as the employment of a sheave at the bottom 
«r end of the plane, with a tail or endless rope, is attended with a good 
deal of friction; and, conseqnently, requires a greater amount of steam 
power, it is necessary to ascertain on what inclination of plane, and with 
what a number of tubs the rope can be taken out fitim the engine. 

The theory for fixed engine planes is the same as that for the self-acting 
plane, except that there is no return set of tubs and rope to drag up the 
jdane. Retaining the same notation as heretofore, we have 



|(w + 



(w + wQ X 8 

F + n 

(w -h wO X s 



(3) 



n 



rt^ 
And sin I =- (4) 

The following are some experiments made for the purpose of ascer- 
taining the amount of friction of the rope, rope wheel, and sheaves, orthe 
value of n. 
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Ifo^ l.^EXPERIMENTS made on the Engine Plane at Eppleton 
Colliery J on the Friction of the Rope^ Rope Wheel, and 
Sheaves. — March, 1855. 



Number 

of 

Bzperi- 

ment. 


Number 

of 
Bmpty 
TttU. 


Time of 
Deioeiit. 


Distance 
truTened 
bxTube. 


Total 
Descent 


Inclina- 
tion per 
Yard. 


Rate of 
Inclination. 


Weight 

of 
Tabs. 


OBSERVATIONS. 






Idn. See. 


. Ifwt. 


Peet 


Inches. 




ibs. 




1 
2 
3 
4 


6 
5 
5 
6 


2 — 36 

3 — 40 
2 — 45 
2 — 60 


1327-2 
1122- 
1219-2 
1167- 


108-1 
94*5 
99-7 
97-4 


2-79 
80S 
2-9 
3- 


1 in 12-9 
1 .. 11-85 
1 .. 12-28 
1 .. 12- 


2778 
2315 
2315 
2315 


Set Stopped. 
Ditto. 
Ditto. 
Ditto. 


Aver- 
afire. 


i» 


2 — 46 


1169*4 


97-2 


3- 


1 in 12-02 


2315 





The size of rope was 3 inches in circumference^ weight 3*75 Ibs. per yard, 
being a wire rope. The rollers on which the rope runs upon the plane 
are 14 in. in lengthy 3^ in. in diameter^ and the axles J in. in diameter — 
weight 32 lbs. They are placed 8 yards apart. Diameter of rope roll 
of engine 8 ft. 5 in., diameter of axle 9J in. Weight of rope roll 4 
tons. The plane on which these experiments were made is shown in 
Figs. II. and III., Plate II. In all these cases the train of tubs came 
to rest. The number of tubs usually run down at a time when in 
working is 21 ; but they do more than overhaul the rope, as the brake 
is obliged to be used. In these experiments the trains were set in motion 
from the top of the plane, the whole of the rope being upon the rope rolls, 
and the distance traversed was from the top of the plane. 

In this experiment the length of rope was 390 y ai-ds, weight 1462-5 lbs. ; 

the weight of rope roll, axle, &c., 4 tons ; of rope upon the roll, 5910 lbs.; 

0315 
of sheaves or rollers, 1615 lbs. The moving power was ^^^j- = 193 lbs. : 

and supposing the friction of the tubs the l-82nd part of the weight = 

2315 ^^ ,, 

-gg- = 28 lbs., and 193 — 28 = 165 lbs. the moving power, which 

dragged the rope 390 yards in 2 min. 45 sec. 



Ifa. Z.—EXPEBI]aENTS made on ike FricHon of the Rope on the 
Engine Bank, EppUton. CoUieiy.~May \(Hh, 18B5. 



h 


11 


■nme. 




of Hope 
■kail 
SUiud. 




i 
I 


,=.;:.. 


W.lgli. 

or 

Tulo. 


ist 

i 


»™"- 






KlK. 3h 


y«j^ 


Y<^ 


T.rt.. 


IP. 




B-. 


Y«^ 






28 


I - 5 


651 


1101 


1765 


94e 


I in 25-10 


1U27 


200 


Stopped. 




35 


j-ao 


879 


iej8 


1927 


471 


I .. 28-80 


16306 


28 


} Joined Iha Stl 
( at tbe bnttoni. 




3G 


S_ 


389 


1514 


1033 


485 


1 .. 28'80 


10205 


22 


SWpped. 




39 


3 — 45 


303 


1502 


1955 


498 


1 .. 23-4 


18057 




( Joined the Sel 
t kt the bottom. 




3G 


S — 35 


4«8 


1487 


1955 


BOS 


1 .. 28-lE 


16205 




Stopped. 



T\aB experiment waa made npon the same plane as the preceding^, but 
it was commenced with the quantity of rope given in the fifth colnmn 
OB the phme before the tnun was put in motion, and tlie experiment was 
performed in this manner j the number of tubs given in the second column 
was attached to the rope, the brake was removed, and the set put in 
motion; the 1th column shows the distance which the gravity of the tubs 
dragged the rope before they came to rest. In the 4th experiment the 
set nm into the landing. 

In this experiment the leng;th of the rope was 1965 yards, weight 
73S1 lbs., the weight of the rope rolls, £c., i tons, the wdght of the 
flbeaTes 9192 lbs., (there being in the 196& yards, S70 rollers 82 lbs. each, 
and S3 sheaves 34 lbs. weight each). 

The movmg power was, in the 4th experiment, -ggiyj = 637 lbs., the 
fiiction^^^ = 220 lbs., and 637 - 220 = 417 lbs., the movbg 

power which dragged the rope 1955 yards in length* 393 yards in 3 
Bunntee 45 seconds ; and taking the 5th experiment would be 375 lbs. 
in 3 minutes 35 seconds, but in this case the train stopped, therefore the 
power was barely sufficient to drag the rope to the end of the plane. 
Vol. III.— April, 1865. r p 
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No. ^.— EXPERIMENTS made on an Engine Plane in the JKinor 
East Pit at JETetton CbUiefy.— March, 1866. 



V 

Number 

of 
Xqwri- 

Bltllt* 


Komber 

of 

TnlM. 


Tine of 
Deioent. 


DIateaee 
tr>?iefeed 
bjTnlw. 


To4tf 
Deeoent 


laeUn*- 

tionper 

Yud. 


Bate of 
IncUulioOa 


wyt 

Tobk 


0B8SBVATI0N8. 






lClB.8ec. 


Peet> 


Feet 


ladMe. 




»«. 




1 


19 


— 44 


88-7 


5-16 


220 


1 in 16*4 


9829 


Set Stopped. 


8 


20 


1 — 9 


105-6 


6-22 


2-00 


1 .. 17-2 


9880 


Ditto. 


8 


21 


8 — 57 


777' 


89-84 


1*82 


1 •• 19-8 


10811 


IMtto. 


4 


22 


3 — 11 


88M 


44*05 


1-88 


1 .. 19*7 


10802 


Ditto. 


6 


28 


2 — 55 


1165*5 


58*68 


1*80 


1 .. 20- 


11294 


Set nm into 



The plane on which these ezperimente were made la shown in Figs. 
y. and VI.^ Plate 11. The engine is placed near the shaft at a, the 
rope is taken along the horizontal part of the plane firom a, to d^ and the 
empty tubs passing down the plane firom a, to C; overhauls the rope firom 
a^ to b> as well as down the plane fircmi d, to C. The length ofropefirom 
a, to d, = S838 feet^is therefore to be added to the length firom d, to C, 
viz., 1166 feety to determine the whole amount of fiiction. The rope was 
2 J inches circumference, weight 2^ lbs. per yard, length 1834 yards. 
There are 60 rollers on which the rope runs firom a, ]to d, 3j| inches dia- 
meter, axles I inch diameter, weight 24 lbs., and there are 86 sheaves 
9^ inches diamet^, axles g inch, weight 24 lbs. The rollers whereon 
the rope runs firom d, to C, are 10 inches long, SJ inches diameter, axles 
2 inches diameter, weight 24 lbs., 63 in ntmiber. There are 7 drums at 
the curve 18 inches diameter, axles 2 inches diameter, and weight 407 lbs. 
The diameter of the rope wheel of the engine is 4 feet 6 inches, the axle 
4*26 inches, weight 4480 lbs. The number of tubs usually run at a 
time is 24, which requires the brake to be used. 

In this experiment the length of the rope was 1334 yards, weight 

3002 lbs., weight of the rope rolls 4480 lbs., of the sheaves and rollers 

11*294 
3569 lbs. The moving power in the 6th experiment was — gg — = 

11.004. 
564-7 lbs., and the friction ^^^^ = 188 lbs. Then 564 - 188 = 

376 lbs., the moving power which dragged the rope, 1334 yards in 
length, 390 yards, in 2 minutes 66 seconds. 
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Ho. Au-^EXPERIMENT at Killingworth an the Friction of the 

Rope of a Fixed JEngine. — April, 1855. 

In this case the engine is on the surface^ and the rope is taken down the 
shaft. It passes over a sheave 8 feet in diameter at the top of the pit, 
ft 18 then taken down the pit^ 350 yards deep, then passes around a 
fiheare 5 feet 5 inches diameter at the bottom of the pit, and then along 
a drift, nearly level, 923 yards in leng^, to the top of the engme plane. 
The gravity of the empty tabs down this plane drags the rope along the 
level and down the plane, 30 being run at a time, and the engine drags 
the loaded tubs up the plane. 

Practically the weight of the rope in the shaft overhauls the rope 
fiom off the rope-roll of the engine, the brake having to be applied to 
prevent it from over-running at the bottom. The resistance to the gravi- 
tation of the tubs is therefore, the friction of the rope and sheaves along 
the level road, and upon the engine plane. 

The circumference of the rope is 3|ths inches, weight per yard 5) lbs. 
There are 25 ordinary rollers on flat, 5 inches diameter, axles | inch, weight 
SO lbs. each, and 86 sheaves 7 inches diameter, axles | inch, weight 
25 lbs. 'f and on the engine plane 84 ordinary rollers 30 lbs. each, and 6 
friction sheaves 11 inches diameter, axles 1 inch. The length of the 
plane being 1048 feet. The rope is, therefore, 2770 + 1048 ^ 3818 
feet, or 1273 yards x 5) = 7001 lbs. weight, and the weight of the 
sheaves 5545 lbs. It is found that 6 empty tubs overhauls the rope, 
and will take it to the bottom of the engine plane ; the weight of the 
tubs being 2777*4 lbs., and the plane 1 in 6*485. The gravity, therefore, 

18 2777-4 X gq^ = 506-3 lbs., fit)m which deduct the friction, which 

has been previously found to be ^nd part of the weight = 33*87 lbs., 
consequently the power required to overhaul the rope was 472*43 lbs. 

The following Table will show the remit of the foregoing Experiments. 



Namb«r 
of Bx- 
rimant. 


Total 
HoTing 
Power. 


T^Ietton 

of 
GuTiasM. 


PrietioBOf 
Rope and 
SbmTes. 


LBogOkol 
Bape. 


Weight of 


Welflitof 
Sheerei. 


Weight of 
Bope Aoll. 




Um. 


Ibi. 


llM. 


YanU. 


Um. 


Ibe. 


Ibt. 


1 
2 
3 

4 


165 
637 
564 
506 


54 
220 
188 

34 


Ill 
417 
376 
472 


390 
1955 
1334 
1273 


1462 
7331 
3002 
7001 


1616 
9192 
3559 
5545 


8960 
8960 
4480 
6720 



^86 

Taking the aggregate result of these experimentSi we find the total 
moving power of the 4 experiments to be 1376 Ibs^ the total weight of 
rope 18'806 Ibs.^ making the moving power equal to -x^-^th part of the 
weight of the rope; and the weight of the sheaves being 19*911 lbs. | 
the moving power is equal to the x^^th part of their weight ; and the 
weight of the rope and sheaves together being 88707 lb8.| and the 
moving power 1376 lbs. = y^. It appears therefore that, when the 
moving power is equal to the ^th part of the weighty it will drag the 
rope over sheaves and rollers similar to those used in the ezperUnent8| at 
an average speed of about five miles an hour. 

I have not gone into the theoretical calculation of what part of the 
moving power was due to the production of the descent of the trains in 
the times given by the experiments, and so to determine the statical 
amount of friction. The practical utility of these experiments is in- 
tended to show what power, in the everyday application of such planes 
is required to produce a certain effect in a givai time^ the dynamical 
result being what is required. 

It would appear, from these experiments, therefore, that with 36 tube^ 
a length of plane may be worked nearly 2000 yards in length, at an inclina- 
tion of 1 in 28, without having recourse to a tail rope. If it be not conve- 
nient or advisable to work with such a number of tubs, then recourse must 
be had to a tail rope, or the line of the plane must be made at a greater 
inclination. 

We have previously seen, that with self-acting planes an inclination of 
1 in 80, appeared to be the limit to which this description of motive power 
could be extended ; these experiments appear to show that an inclination 
of 1 in 28, is the limit to which engine planes can be extended, where the 
empty tubs have to drag the rope after them; beyond which it becomes 
necessary to resort to the use of a tail rope, and engine power to ex- 
tend the system of underground transit. 

In arriving at the above result, I have not taken into considera- 
tion the gravity of the rope upon the plane, which, to a certain extent, 
would increase the moving power. In the two first cases the entire 
length of rope was n\Hm the descending plane, and therefore the gravi- 
tating force would be represented by sin I x ^ weight of the Tape. 
But in the two latter cases only a portion of the rope was upon the plane, 
the other portion being on the level part of the road, the former portion 
only in these cases must therefore be taken into the calculation. If the 
gravitation of the rope in these experiments is added, the aggregate 
resistance would be increased 380 lbs., and, consequently, the friction 
would be equal to the -^,^ part of the weight; 
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FIXED STEAM ENGINES. 

I shall now give the details of the ezperimcnts made, for the purpose 
^ascertaining the power and capabilities of the different descriptions of 
«DgiiieSy applied to the various kinds of planes, heretofore alluded to. 

1. JExperiments an Ungines dragging coals Jram the dip with a 
-mngle rope. 

1. Hetton Colliery. Engine in EppleUm Pit, 

This is a common high-pressure beam engine, with one cylinder thirty 
inches diameter, five feet stroke, on first motion with two rope rolls, 
similar to 1, 2, Plate IIL^ winch are altematelj put in and out of gear. 
The total length of the plane at present is 6865 feet, with an average 
indination of 1 in 19*66. There are two boilers, each six feet diameter, 
and thirty feet long. The engine is placed underground; the rope rolls 
m a line with the plane. The distance from the boilers to the cylinder 
18 176 feet, requiring that length of steam pipe, which is 7^ inches 
diameter. The steam fisym the cylinder is discharged into the flues by a 
pipe 86 feet in length and 7} inches diameter. 

The plan and section of the plane are given in Figs. I. and II., Plate 
II. It will be seen that there are three rails above the meetings and 
two below, and that there are several landings or points from whence the 
coals are brought by the engine. The mode of working this plane is as 
fcUows : — While the engine is dragging up the loaded set by one roU, 
the other roll is put out of gear, and the empty train is run down to the 
meetings, and immediately the loaded train passes, the empty train is run 
down to the landing, where another train of loaded tubs ai'e ready, so that 
immediately one loaded set is drawn to the top of the plane, the other 
roU is tlirown into gear, and another loaded set started from the bottom. 

The rolls whereon the rope winds are each 8 feet 6 inches in diameter 
when empty, and when all the rope is on feet 3 inches, the mean diameter 
being 8 feet 10 inches. The diameter of the axle is 9} inches. Their 
weight is 4 tons. The rope is 3 inches in circumference, and 8 j lbs. per 
yard in weight The total length of rope is 2000 yards. The rope runs 
upon rollers, placed in the middle of the railway, 14 inches in length, 3^ 
inches in diameter ; the axle J in. diameter, and 32 lbs. weight each. They 
are placed about 8 yards apart, and there are 270 of such rollers on the 
plane, with 23 rollers 10 inches long, 3) inches diameter, axles I inch 
diameter, and 24 lbs. weight. 

This engine has been erected some years, otherwise I should have 
preferred two cylinders. 
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No. 1.— EXPERIMENT made on the Performance of the Fixed 
Engine at the Eppleton Pit, Hetton Colliery. — March, 1856. 
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The general performuice of this engine is equal to 33 per cent, but it 
will be observed that the pressure on the exhaust pipe was about 7°, the 
aTerago pressure of the steam 87", therefwe 37" — 7" — 30"; and a» 
SO" : S7°::S2 : S7perceiit But it must also be remarked that the 
plans is not uniform, and that though the arerage inclination is 1 in 
19*66, in one portion near the top, as will be seen by the section, the in- 
clination is 1 in 9. Taking ITo. 6 Experiment this would give a perform- 
ance of S9'6 per cent, on that part of the plane, which added to 6 per 
cent, for exhaust steam, g^ves 44'5 per cent. On this part of the plane, 
likewise, the diameter of the rope roll is the largest, as almost all 
the rope is upon it; and it should also be observed that the pressura 
of steam at that part of the experiment was below the average ; the 
actual efficient performance in this part of the experiment would, there- 
fore, be about 60 per cent, of the pressure of steam on the piston. 



ElLLINGWORTH EtTQINE. 
This is a common beam high pressure engine, having been fonnerly 
used tor drawing coals. It is placed on the sor&ce, and the rt^ is taken 
down the pit, 175 fathoms deep, then along a nearlj horizontal piece of 
toad about 800 yards in length, and then used for dragg^ the tubs up 
the plane. The cyUnder is 35 inches diameter, 5 feet length of stroke. 
On second motion, driving wheel 1 feet diameter, and wheel on rope roll 
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8 Ibet 1 inches. The plane is angla, therefore only one rope roll ig used, 

9 ibet diameter, at Btta^xag, and 9 feet 4 inches when the rope is upon it. 
tbm are two boilers, each 6J feet diameter, 23 feet long, with henu- 
■fceiical ends. Length of fire gnte 4 feet 8 inches, width i feet 6 
kebM. The boilers are pUoed near the cylinder, the ataom pipe being 
88 feet in length, 6 inches diameter. 

j The plane is a single line 1,048 feet m length, with an inclination of 1 
^ 0*486. The rope wheel being thrown out of gear, the empl^ tubs 
kireriianl the rope to the bottom of the plnne. 

' The dimenffitms of the rope roll, shearea, and all the particulars r^ard- 
pg the resistance of the rope, is given in the If o. S Experiment on the 
fiction of ropes. 
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RESISTANCE. 
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The performance here is nearly 60 per cent of the moving power. 
The engine being placed at bank there will be no deduction for the ex- 
hanst pipe^ and the pkne being oniform, the ibove may be 
the mazinram performance. 



Sprinowbll Enqikb. 

This engine is also a common beam engine^ placed underground, the 
rolls in a line with the plane. The cylinder is 32 inches diameter, length 
of stroke 4 feet On second motion, the diameter of the driving wheel 
being 3 feet 8 inches, and of the wheel on the rope roll 5 feet 3 inches. 
There are 2 boilers, each 6 feet 1 inch diameter, and 16 feet 4 inches in 
length; length of fire-grate 4 feet 8 inches, width 8 feet 8 inches. The 
boilers are placed near the cylinder, requiring only 30 feet 6 inches of 
steam pipe, 5| inches in diameter. The steam is discharged into a small 
pit, by pipes, 30 feet 6 inches in length and 6 inches diameter. 

The plane is a single line of railway, 4890 feet in length, with an 
average inclination of 1 in 15* The rope wheel being thrown out of gear 
when the loaded set reaches the top, the empty tubs run down and drag 
the rope after them. There are several landings from whence the coals 
are brought up the plane. 

The rolls whereon the rope winds is 7 feet diameter at starting, and 
7 feet 6 inches diameter when all the rope is upon the roll ; the axle is 
8 J inches, weight 3920 lbs; rope 2i inches circumference, and weight 
3 J lbs per yard ; the total length 1630 yards. The rope runs upon rol- 
lers 14 inches in length, 4 inches diameter ; the axles J inch diameter, 
and the weight 28 lbs each ; they are placed 9 yards apart, there being 
180 upon the plane. 



SFo. 3. — EXPERIMENTS made on the perfirmanee of a Fixed 

I Engine at Sprittgniell Colliery. — April, 1855. 
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The average performance of this engine is 53*4 per cent, of the pressure 
of the piston ; and^ if we take into account that the plane is not qtiite 
uni&rm, the maximum performance will be above 65 per cent. 

No. 2. — EXPERIMENTS on EnginsB dragging Coals along LeveU 

where Horeee were formerly used. 
Elemorb EnqinE; Hettqn Colliery. 
This engine and the boiler is placed underground. The construction of 
the engine is the same as that shewn in Figs. I., IL, and III.^ Plate 
IILf y]z.y with 2 cylinders placed horizontal on a bed plate ; but there 
are only two rope rolls. The cylinders and engine are placed underneath 
the railway^ the ropes being brought out to the level of the road. The 
cylinders are 12 inches in diameter each, S feet stroke. The rolls are on 
the second motion, driving wheel 2 feet 6 inches diameter, wheel on roll 

4 feet 6 inches diameter. The diameter of roll at starting is 4 feet 6 
inches, and when the rope is all on the roll 5 feet. One boiler 5 feet 4 
inches diameter, and 81 feet long, with hemispherical ends. Fire grate 

5 feet in length, 5 feet 6 inches in width. The engine is placed at a 
considerable distance from the boiler, the steam pipe being 313 feet in 
length and 5 inches diameter. But there is a steam receiver placed im- 
mediately over the cylinders, 56 cubic feet in area. The steam is exhaus- 
ted into the furnace drift by two pipes,^ each 4 inches diameter, and 836 
feet in length. 

The plane has a double line of rails the entire distance, and the engine, 
by the two rope rolls, draws a loaded set of tubs out towards the shaft 
with one rope roll, and at the same time draws an empty set of tubs in 
the other direction by a tail rope passing around a sheave or wheel at 
the extreme end of the plane. The diameter of the rope rolls is 4 feet 6 
inches, the axlee 4 j inches, weight 15 cwt. each 3 diameter of sheaves for tail 
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lope 4 feet; axle 3^ inches^ weight 2 cwt The two main ropes are 2g inches 
drcumference; weight 3 lbs per yard; wire tail rope Ij inches circum- 
feraDce^ weight 1| lbs per yard. The rollers on the straight line of way 
are 14 inches long and 3} inches diameter^ axles i inch in diameter; 
ithere are 260 on the two lines 32 lbs weight eaoh^ with 21 large drums 
Md 26 small, weights respectively 407 lbs and 210 Ibs; at the curves; 
diameter of former 18 incheS; latter 12 inches^ axles 2 inches. 

The plan and section of this plane are given in Figs. YI. and YII., 
Plate ILy from which it will be seen that the plane has a considerable 
eurvein it; and that it is by no means a favorable line for the application 
of a steam engine. It was originally a horse road; and was converted 
into an engine plane, and shows nnder what circumstances engine power 
mm be applied. The section of the linO; also; it will be seen is not at all 
nniform; but comprizes all the undulations which may &irly be deemed to 
be requisite to meet the ordinary undulations of the strata, and also that 
4xf a water level. 



S!9e 

No. i.—EXPERllIENTS mje <n tlie FiMd En/me at Elmart 
CoUiery, with a TmI or douMe Hope.— March, 185C. 
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Table IV,' of the JtetiUU of the Joregotng ExperimeiUt. 







POWER. 






Namber 

of 
Experl- 
meut. 


meCerof 

aaehCj- 

linder. 


Am of 

Two 
Plfltons. 


PiMnn 

of steam 

pcrBzpe- 

riinent. 


Total 

Amount of 

Power in 

Poande. 


Stroke 

of 
Fiiton. 


No. of 

Strokei ^V»f» 

riment. t^rmL 


Total Amoant 

of Power In 

Pounds, mored 

One Pooi. 




InchM. 


Sq. In. 


Ibt. 


Iba. 


Feet. 
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RESISTANCE. 






Number 

of 
Experi- 
ment. 


Gravity of 
Load. 


Friction 

of 
Carriages. 


Friction 

of 

Rope, 

Sheaves, tec. 


Gravity 

of 
Il')pc. 


Total 
Amount of 
ReRistance 
in Pounds. 


Space 

pasned over 

iu FeeU 


Total Amount of 
Resistance 

in Pounds, mored 
One Foot. 




lbs. 


lbs. 


lbs. 










1 


120-5 


678-8 


1128 




1586-3 


3873 


6,143,740 


2 


124-5 


5C6-C 


1128 




1570-1 


3873 


6,081,000 


3 


130-5 


595-8 
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1587-3 


3873 


6,140,450 


4 


125-9 


558-9 
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1501- 


3873 


6,144,000 


5 


109-4 


529-7 
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1548-3 


3873 


5,990,650 


G 


123-5 


575-3 


1128 




1579-8 


3873 


6,118,505 


7 


120-6 


557-1 
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15G4-5 


3873 


6,059,310 


8 


114-2 


541-5 
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1555-3 


3873 


6,023,700 


9 
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567-8 
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1575-4 


3873 


6,101,530 


10 


187-1 


872-9 


1128 




1813-8 


38>3 


7,024,846 



The avemge effective performance is 45*8 per cent, of the pressure on 
the piston; but the last experiment is 66*5 per cent The last experi- 
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ment was, however, made to ascertain the ultimate performance of the 
engine rather than the practical working resnlt, therefore the former 
must be taken as the practical efficient performance. The gravitation 
bas, however, been taken on the average of the entire length of the 
|dane, whereas it will be seen by Plate 11, Fig. VII^ that it is not 
uniform, and this will give an increased performance of both loaded and 
empty trains, on the level part of the former, and on the greater inolin- 
eftion of the latter. 

East Minor Prr Exaims, Hbtton Gollibrt. 

This engine is similar in construction to the Elemore engine, both en- 
gine and boilers being underground, and having two cylinders placed, 
>tog6ther with the rope rolls, on bed plates. The cylinders are 9 inches in 
^diameter ; length of stroke 2 feet. The rolls are on the second motion, 
^liie diameter of the driving wheel being 2} feet diameter, and that on 
the rope wheel shaft 4| feet diameter. The diameter of roll at starting 
id 4 J feet diameter; and when rope is on 5 feet 4 inches diameter. Two 
boflers each 5 feet 4 inches diameter, and 24 feet long, with hemispherical 
ends. These boilers, however, supply another engine. Length of fire 
grate 6 feet, and width 5 feet 4 inches. The engine is 139 feet from 
boilers, requiring 139 feet of pipe, 6 inches diameter. Thi» engine 
has no steam receiver ; the steam exhausts into upcast shaft 30 feet 
distant, with 5 inch pipe. 

The plan and section of this plane is shown in Figs. lY and Y, Plate 
II. It consists of a single line, with a double line where the loaded and 
empty trains pass. It was formerly a horse road, and the sectioD, it 
will be seen, is not uniform. Coals are brought from different points, 
and likewise from another engine plane to the dip, of sufficient descent 
to drag a rope the whole length of this plane, and of the plane to the dip. 

This plane is worked by a tail rope, which runs upon sheaves placed 
alongside the railway, and which passes around the wheel at the end of the 
plane, as shown in the plan. The diameter of the tail rope wheel is 4 feet, 
axle 2} inches, weight 2} cwts. The length of rope is three times that 
of the length of the plane, vis. 3,900 yards, wire, circumference 2} in., 
weight per yard 3 lbs. ; the tail rope being the same size as the main 
rope. The diameter of the tub wheels is 7*5 inches, diameter of axles 
1'3775 inches; the same as No. 2 experiment, page 252. lliere are on 
the main road 122 rollers, 10 inches long, and 26, 14 inches long, both 
being 3} inches diameter ; diameter of axles \ inch, the weight being 
respectively 24 lbs. and 32 lbs. And for the tail rope 140 rollers and 13 
sheaves, diameter of former 3| inches, and latter 94 inches, diameter of 
axles 2 inch, weight of each 24 lbs. 

Vol. III.— April, 1855. r r 
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Eatt Minor Pit, Metton, CoUiery.— March, 1866. 
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Table VI, of the Remits of the foregnng Experiments. 



POWER. 1 


Number 

of 
Expert- 
meat. 


Dia- 
meter of 

each 
Oylinder 


Arc* of 

Two 
Pistons. 


Pressure 
of Steam 
per Expe- 
riment. 


Total 
Amount of 

Power 
in Poinds. 


Length 

of 
Stroke 

of 
Pistons. 


N9. of 

Strokes 

perBxpe- 

riment 

♦ 


Space 

passed orer 

in Feet. 


Total Amount 

of Power in 

Pounds moved 

One Fbot. 




Inches. 


8q. Id. 


lbs. 




Feet. 








1 


9 
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RESISTANC E. 



Number 
of 
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Gravity of 
Load. 
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lbs. 


lbs. 


1 
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Friction 

of 

Rope, 

Sheaves, Ice. 



lbs. 
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544- 
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544- 
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544- 
544- 



Gravity 

of 
Rope. 



Total 
Amount of 
RestMtance 
in Pounds. 



Space 



Total Amount of 
Resistance 



P^ •[«• in Pounds, moTcJ 
In iTeet. q^^ ^^^ 
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801-5 
1032-5 
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1062-2 
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1019-5 
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801-5 



1494- 

3853-5 

3853-5 

38C3-5 

3803-5 

2838- 

2838- 

1494- 

1494- 

3853-5 



1,541,210 
3,088,200 
3,978,223 
3,130,717 
4,103,810 
2,305,024 
2,893,340 
1,197,440 
1,511,928 
3,088,200 
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The efficient average performance of this engine is 83 per cent of 
the pressure of steam on the piston^ but the res^t^ with the loaded car- 
riagesy is 87'8 per cent, andwith the empty carriages 28*3 per cent. On 
exaTnining the section it will be seen there is^ for about 160 yards, an in- 
clination of 1 in 100, which on that portion of the road would raise the 
performance to nearly 50 per cent., and with the empty carriages there 
is an inclination of 1 in 38 finr about 90 yards, which raises the perform- 
ances on that part of the road to 37 per cent. 

KiLLixawoHTH Ekoine. 

This engine is of the same construction as the East Minor Pit, and the 
Black Boy engine, Plate III, haying, however, only two rope rolls. Two 
cylinders 12 inches diameter each, 2 feet stroke. The engine is on the 
second motion, diameter of driving wheel 2 feet 3 inches, and of wheel on 
roll axle, 4 feet 6 inches. The diameter of the rope roll is 4 feet 6 inches 
at starting, and 5 feet when rope is on. The engine is placed at the bottom 
of the pit, 350 yards in depth, and the boilers at bank. There are 3 
boilers, diameter 5 feet 1 inch, length 34 feet, including the hemispherical 
ends. Length of fire-grate 4 feet 8 inches, and width 4 feet. The 
boilers are 150 feet from the top of the pit, from which the steam is con- 
veyed by pipes lOJ inches in diameter, then down the shaft 690 feet, 
and 86 feet to a receiver No. 1, with lOJ inch pipes. Then with 5 inch 
pipes from the receiver No. 1 to the shaft again, 36 feet; down the shaft 
860 feet further, and 34 feet to receiver No. 2, and from thence 35 feet to 
the engine. The entire distance from the boilers to the cylinders being 
1341 feet ; which are 1050 feet below the level of the boilers. The reservoir 
No. 1 is 13 feet in length and 5 feet 2 inches diameter inside, and No. 2, 
5 feet in length, and 3^ feet in diameter, exclusive of hemispherical ends. 
The pipes are wrapped with felt, 1 inch thick, and covered with asphalte. 
The exhaust steam is conveyed by 6-inch pipes from the engine up the 
shaft 360 feet and level 95 feet, and is then discharged into the shaft 
690 feet from the surface. The steam pipes from the boilers passing down 
the latter shaft, the temperature is about 85^; but the small pipes frt)m 
receiver No. 1 pass down the downcast shaft, up which water is drawn 
in tubs 12 hours in each day. A great condensation, as will hereafter be 
seen, takes place, the temperature near the pipes being 70^ to .85% and 
44^ in the other parts of the shaft, besides water continually droppmg 
on the pipes. 

The plane which this engine works is about 700 yards in length, there 
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heing three points firom whence the ooals are brought. It is a single line, 
with atail rope rtinningon the side of the way. ThereiSytherefore,onelength 
of rope on each roll, and the tail rope or 2770 yards, drcomferenoe 9§ inches, 
wire, 2} lbs. weight per yard* The diameter of the tail rope sheave is 5 
&et 4 inches^ axle 24 inches, weight 6 owt There are 112 rcdkrs onthe 
main road, 6 inches diameter, axles | inch, weight 80 lbs. each; and 

there are 127 sheayes for tail rope, 7 inches diameter, axles I inch, weight 
26 lbs. each. 



EXPERIMENTS made at the Fixed Engine at EUhnffmrth 
ColUery.~-April, 1855. 
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S3-5 


83- 
33- 


84-6 
J3-6 


1B46-3 


15-65 


tin 125-02 


30,232 


Fimn ED' 
gineUnk 




Loaded 


1 


33'6 


32-6 


38-75 










way. 




Tuhfc 


1 30 

2 
230 
2 40 


33' 

3375 
S2-75 


sa* 

83-6 
83- 


80-76 
80-26 
38- 










SBdonbl. 
(trokesoi 
EngiM. 





30 


30 


33- 
33- 


S2-6 


S3-5 


3178- 


16-67 


linlSB- 


13,888 


FromUigh 
Coalwsy. 




Empty 


1 


3275 


32- 


Sl-25 














Tub*. 


1 30 
3 

2 30 


32-5 
32- 
32- 


32- 
31-6 

31- 












178donbli 
iCnkeaof 
Engine. 


e 




3 


3176 


31- 


31-25 












30 


CORHDC 


33- 


M^ 


33'S 


2178- 


15-67 


1 in 139- 


30,876 


From High 






30 


33- 


32-6 












Coal way. 




Loaded 


I 


32-76 


33- 


31-26 














Tuta. 


1 30 


38-6 


32- 


TO-5 


BMUOU 








378 double 






e 


as- 


SI-6 


30- 


Plp.^!ll«. 
|»iq.iDCll. 








((Tofceaof 






2 30 


33- 


Si- 


30-5 








Engine. 






3 


3176 


n- 


SI-26J 












7 


30 


30 


34- 
34- 


Si- 

S4- 


34- 
33-75 


1046-3 


15-55 


liniaS'DS 


13,688 


From En- 
irinebank 




Empty 


1 


J3-7S 


S3-6 


33- 










way. 




Tuba. 


1 30 

2 
2 30 
2 4G 


»3'6 
33-25 
33- 
33-35 


33- 
S2-5 

S2-B 
S3S 


31-5 
31- 
33'5 

43-B 










MS double 
Btrokw of 
Engine. 
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Experiment continued. 









Pressure of Steam 












No. 

of 

Ex- 

perJ 


No. of 
Tubs. 


Time of 

£zperi> 

inent. 


per Square Inch, in 


Length of 
Plane. 


DeMent 

of 
Plane. 


Inclination 
of Plana. 


Weight 
Tubs. 


0B8XBTAT. 


BoUen 


ceiTer 
No. I. 


Heeelver 
No. II. 






Mn, 8c 


fts. 


fts. 


lbs. 


FeeU 


Peet 




lbs. 




8 


SO 


Comenc 
30 


33*6 
33-5 


33-6 
33- 


34-25 
33-5 ^ 


1946-3 


15-55 


1 in 125-02 


35,280 


From En- 
gfinebank 




Loaded 


1 


33-26 


33- 


32-25 


Pressure of 








way. 




Tubs. 


1 30 


33- 


32-5 


31- 


Steam at 








229 double 






2 


32-75 


32- 


30-5 > 


Bzhaust 
Pipe, 7 lbs. 
IP* sq. inch. 








Btrokeaof 






2 30 


32-6 


32- 


32- 








Engine. 






2 45 


32-5 


32- 


33- J 













Table VI, of the Hesults of the foregoing Experiments. 







POWER. 








Number 

of 
Experi- 
ment. 


Dia- 
meter of 

each 
Cjlinder 


Area of 

Two 
Pistons. 


Pressure 

of Steam 

perBxpe- 

rlment 


Total 
Amount of 

Power 
in Pounds. 


Length 

Stroke 

of 
Pistons. 


No. of 
Strokes 
per Expe- 
riment. 


Space 

passed over 

in Feet. 


Total Amount 

of Power in 

Pounds moved 

One Foot. 




Inches. 


Sq. In. 


lbs. 




F^et. 








1 


12 


226-19 


31-3 


7079-7 


2 


308 


616 


4,360,600 


2 






32- 


7238- 




308 


616 


4,458,608 


3 






33- 


7464-2 




458 


916 


6,837,210 


4 






32-4 


7328-5 




458 


916 


6,712,905 


5 






31-2 


7057-1 




556 


1112 


7,847,500 


G 






31-2 


7057-1 




556 


1112 


7,847,500 


7 






32-7 


7396-4 




458 


916 


6,774,736 


8 






32-4 


7328-5 




458 


916 


6,712,905 









RES 


18TANCE. 






"or 


°'h^ 


^j FrlrUoo 


Bll«IIH,kc. 




Tottl 
Id Poon^t 


Spin 


Tntat Amount »f 

In Ponnd.. nioiMl 
OubPooI. 




at. 


lU. 


Ita. 










1 


107 


170- 


481- 




7G8 


iiai-4 


S9C,010 


s 


357 


m- 


481- 




031 


iiei-4 


745,403 


3 


111 


uo- 


481- 




703 


10463 


1,483,080 


4 


290 


442- 


481- 




033 


)94fi-3 


1,238,080 


5 


100 


170- 


481- 




751 


3178- 


l,«36,a80 


6 


3(15 


4.W- 


481- 




600 


El 78' 


1,450,630 


7 


111 


170- 


481- 




7oa 


19463 


1,483,080 


8 


SM 


430- 


481- 




(KB 


maa 


1. 2-34,230 






j; 


f , 











e of the Bt«am on tlie piston. The engino is, no iloiibt, too power- 
ful for the work to be performed, the steam beiag^ i-ediiced in its passnge 
to the cjlindei-s. And it will he seen that tlie velocity of the pistons 
was very great, equal to 370 feet |)er minuie. 

Anobew's House Enoinb, Mablet Hill Colliery. 
This is an engine of an endrolj different construction from any of the 
preceding, a Ground Plan, Ttta.t Elevation, and End View being shewn in 
JPlate IV., Figs. I., II., and XII., and a ^nerel description of which has 
been hereinbefore given. The two cylinders are 13 inches diameter each , 
length of stroke 24 inches ; on second motion, driving wheel 2 feet 10 
inches diameter, and wheel on sheave shaft 4 feet 10 inches diameter. 
Hie diameter of the S vertical friction sheaves is 6 feet, and of the hori- 
zontal sheaves i feet 4 inches. One boiler works the engine, being placed 
at bank, 28 feet long, and 6 feet 4 inches diameter; evaporating surface 
S3,4S0 square inches. The fire grate is 6 feet long, 4 feet 4 inches wide. 
The steam in taken down the pit in pipes 5 inches in diameter; the depth 
of the pit is 87 yards ; the boiler being 30 yards from the top, and 
the engine 11 yards irom the bottom of the pit ; the distance the steam 
is conveyed is therefore 137 yards, 87 of which are vertical. There is a 
receiver at the bottom of the pit, 5J yards from the engine, area 97-716 
cubic inches. 

Vol. III.— Apku, 185fi. s s 
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Tlie plane wluch this engine works, as shewn in Piatt III., Figs. VII. 
and VIII., ia double, with an endless rope. Tbe sheaves are 6 inches 
diameter, axles J inch, weight ISJ lbs, and there are 816 on the plane. 
There is a small carriage goes in front of the train, on which is j^aced a 
clamp to lay hold of the rope. This carri^;e weighs 3 cwta. 3 qrs. 7 Iba ; 
wheels li inches ; rope 2000 yards, 2g inches cirotun&renee, weight per 
yard, 3 lbs. 



EXPERIMENT made on Fixed Engine, mtk Endiett Hope, at 
Ajidrem'e Souse Colliery. — March, I8G5. 
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F«L 




lb.. 


1b^ 




1 


Ij 


u 


0-30 

1- 

1-30 

fi* 

fi'30 

3- 

3-30 

4- 

430 

6- 

5-90 


as- 

2r-75 

97-76 

27-6 

87-6 

S7-a 

S7-fili 

fl7-afi 

E7-S5 

27- 

27- 


27-6 

S7- 

M-75 

S6-5 

28- 

2S'7B 

26-75 

2676 

267S 

26-S 

26-5 


376e-5 


23-40 


I in 124-2 


20,594 


8,330 


From end of 

Plane. 

293 doubia 
Btrokea in 
«>ch Cyl- 
inder. 


9 


U 


N 




27-6 


27- E78B fi 


38-4.1 


1 In 134-S 


80,61)4 


8,330 


Pram end ol 








0-31) 


S7-SB 
S7SB 


26- 






















87- 


28- 












293 double 










97- 


25-75 












itrokestn 








B'ao 


son 


25- 












BdCh Cjl- 








3- 


266 


ss-ae 




















S30 


Efl-8 

26S5 


S6- 
25- 




















4-30 
6- 


SO- 

aa- 


25- 

26- 




















6-30 


28- 


25- 














3 


u 




30 

130 

9- 

230 

3- 

3-30 

430 


36-75 
26-S 
26-5 
20-5 

sa-as 

20-36 

20' 
2G- 

2S-75 

26-7fi 


37- 

2G-2S 

20- 

25-75 

25.75 

25- 

SB- 

Bo- 
as- 


278BS 


22-*5 


I in 184-2 


80,604 


a,330 


Fromendof 
Plane. 

293 dDuble 
Btrokmin 
each Cyl- 
inder. 




> 6-30 


35-78 


96- 




1 1 
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Ihble VII, of the Rwidt of the foregoing ExperimenU. 




POWER. 



1 

3 



of Two 
PlsUms. 



13 



Bq. In. 
266*46 



of 8t6Mi 



ftt. 

26-8 
25*5 
26-6 



Totel of 

▲mooiit 

pMrer 

In pounds. 



7114*32 
6769*23 
6769-23 



Imffth 

of 
Sferoln 

of 
Plalonk 



2 



Ko.of 
8trokM 

per 
Bzper. 



686 
686 



686 



Spoee 

p otte d over 

in foot. 



1172 
1172 
1172 



Total Amoant 

of Power in 

poandf, moved 

one foot. 



8,387^83 
7,983,637 
7,933,637 



tm 

£ 



RBSI8TANC E. 



1 
2 
3 



GrtTitjof 
LMd. 



fta. 
99 
99 
99 



Friction 

of 
Gwrieget. 



396 
396 
396 



Prietion 

of 

Bope, 

SheaTce, kc. 



Onrity 

of 
Bope. 



Ibt. 
383 
383 
383 



Iba. 
48 
48 
48 



Total 
▲mount of 
Reaiataneo 
in pounda. 



728 
728 
728 



Space 

plated OTor 

in feet. 



2788*6 
2788*5 
2788*5 



Total Amount of 

Beaiatance 

in poundi, mored 

one foot. 



2,029,928 
2,029,928 
2,029,928 



The average perfonnance of this engine is 25 per cent.^ but there 
18 a considerable amount of friction by the rope being so tightened 
Ij the stretching apparatus at the two ends of the plane. It will be seen 
however by Plate I, Fig. VIII, that for a distance of nearly 200 
yards there is a rise of 1 in 100 with the load, and for a distance of 154 
yards a rise of 1 in 73 with the empty carriages ; which makes the per- 
formance nearly 40 per cent, on the passage of the trains over those 
portions of the road. 



No, 3. — EXPERIMENTS onan Engine dragging Coals along Levels, 
and also along a Crosscut to the Dip, and likewise pumping Water, 

Black Bot Colliery. 
The form of this engine is given in Plate III, Fig I, being a Ground 
Plan, Fig. II, a Front Elevation, and Fig. Ill, an End View. The two 
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cylinders are 12 inches diameter each, 2 feet stroke; on second motion^ 
driving wheel 3 feet 4 inches diameter, and wheel on rope roll axle, for 
both sets of rolls, 6 feet diameter. There are 4 rope rolls : — ^two, for the 
Howlish plane, 5 feet 6 inches diameter at starting, and 6 feet 6 inches 
when rope is on — and two, for the Woodside plane, 4 feet 6 inches diameter 
at starting, and 5 feet 10 inches when rope is on; axles of rope rolls, 5 
inches. The engine is placed at the bottom of the pit, the boilers being 
at bank. 3 boilers, 31 J feet long, 5^ feet diameter; 26| feet long, 6| 
feet diameter; and 25 feet long, 5 feet diameter respectiyely; but two 
only are at work at a time. Evaporating surface 173*25 feet, 167*75 feet, 
and 125 feet respectively. Fire grate 5 feet 3 inches long, 4 feet wide. 
The boilers are distant from the engine, 10 yards from pit, 130 yards 
down the shaft, and 20 yards to reservoir, = 160 yards. Steam pipes 8 
inches diameter; reservoir 12 feet long, 3 feet diameter, 11 yards from 
engine; pipes 5 inches to cylinders. The exhaust steam is conveyed up 
the shaft to bank, in pipes 10 inches diameter; the pit being a downcast 
shaft. 

A plan and section of the planes which this engine works are shewn 
in Plate L, Figs. X., XI., and XII., it is a double line of road to where 
tbe Woodside plane branches off, and then both planes are single. Both 
planes are worked by main and tail ropes, the ropes in both cases being 
three times the length of the respective planes. The Howlish main rope 
1100 yai'ds, and tail rope 2200 yards, both 2 inches circumference, 1| lbs 
per yard ; Woodside main rope 1100 yards, 2 J inches circumference, 
3 lbs per yard ; tail rope 2200 yards, 2 inches circimiference, 1| lbs per 
yard. The rollers for the main roads are 4 inches diameter, axles | inch, 
weig-ht 16 lbs each ; sheave at end of planes 3 feet 9 inches diameter, 
axles 3 iuches, weight 6 cwt ; sheaves for tail ropes 5 J inches diameter, 
axles g inch, weight 18 lbs each. There are 76 rollers and 72 sheaves on 
the Howlisli plane, and 96 rollers and 91 sheaves on the Woodside plane ; 
with 6 di'um sheaves at turn of the Woodside plane, each 3 feet diameter, 
axles If inch, weight 3 cwts. 



EXPERIMBlfT made tm ths Fiised Engine at Black Say 
Colliery. — April, 1855. 
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S-3D 

3- 

3-30 
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37-6 
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37- 

37- 
37- 


35-76 

37-76 

3S-5 

35-25 

36- 

34'75 

36-25 
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1 Id 510 
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37-S 


36-25 
35-S 
35-8 
35-5 
35-75 










DrdlnuT di;-t 






3-30 


37-5 


30- 


Enfflines 


lopped at 


Siding. 


CBbtHcl.. 


i 


16 




38- 


36-35 


aesol 38- 


1 In 76 


6,048 






Empty 


0-30 


38- 


36- 














■i^b.. 


1-30 
2- 

aao 

3- 

3-30 

4' 

4-30 

5' 


37-76 
37-76 
37-7fi 
37-76 
87-75 
37'7S 
37-76 

se- 


35-76 

35-75 
36-5 
35-6 
35-5 
35-6 
35-75 
38- 










into Wood- 
ilde Bimk. 

289 double 
MrekM Id 
c»oh Cj- 
liudei-. 


n 


IS 






36-25 


Sfi-SO 


-■w- 


1 in 75 


10,008 


Crom Wood- 




Loaded 


0-30 


ars 


30- 














Tubs. 


1-30 

B- 

2-30 

3- 

330 

3-45 


37-25 

ar-as 

37-26 

37- 

37- 

37- 

37. 


a&' 

3S' 

35- 

35-HB 

34-76 

35- 

36-6 










(libKKb. 



31S 
Table VIII, of the BemUt of the foregoing ExpermefOs. 





POWSB. 








Nomber 

of 

Bcperi- 

meat. 


Dift- 
meterof 

Mcb 
CjUndtt 


Am of 

TwoOt- 

lindAH. 


Pranm 
ofBleMii 

Sxptr. 


Totel 
ImovDt of 

Poirer 
in pounds. 


Strdko 

of 
Flitont. 


No. of 
BtrakM 

ficpor. 


Space 

pMMdorar 

InfeoL 


Total AiaoQiit 

of Power in 

pomdit mored 

one Hoot 




ladMc 


8qr. loe. 


Ibc 




Vstt* 








1 


13 


826-19 


84-5 


7808-6 


2 


640 


1080 


8,427,780 


2 


• • 


• • • • 


85*5 


8029-7 


• • 


640 


1080 


8,672,076 


8 


• • 


• • • • 


87-6 


8482- 


• • 


897 


784 


6,649,888 


4 


• • 


• • • • 


85-7 


8075- 


«• 


678 


1166 


9,884,700 


6 


• • 


• • • • 


858 


7986- 


• • 


578 


1166 


9,281,816 









RESJSTAK C£. 






Numlwr 

or 
Bzperi- 


OffATity of 


or 
Oarriafes. 


Motion 

or 

Rope, 
Shearea, dEC 


OraTity 

of 
Hope. 


Total 
Amount of 
Beilftyuiee 
inpounda. 


pa^fer 
in£Mt. 


Total Amount of 

BiTilalanfw 

In pounds, raoied 

onelbot. 




Ibi. 


lbs. 


Iba. 










1 


85- 


164- 


261- 




460- 


2866 


1,289,260 


2 


116- 


540- 


261- 




675^ 


2865 


1,933,875 


3 


171- 


1080- 


261- 




1160- 


2076 


2,408,160 


4 


81- 


74- 


372- 




527- 


2850 


2,001,950 


6 


266- 


243- 


372- 




880- 


2850 


2,508,000 



The average performance of this engiDo on both planes is only equal 
to 24 per cent, of the pressure of the steam on the pistons. The per- 
formance in the 3rd Experiment is, however, equal to 36*2 per cent, on 
the average inclination of 1 in 519 in favour of the load, whereas on a 
portion of the road the inclination is against the load. On the Wood- 
side plane the average inclination is taken, whereas for 274 yards the 
inclination is 1 in 40, which raises the performance up to 34*4 per cent. 

Besides the above performance of 34*4 per cent., the engine raises by 
means of a crank upon the axle of the sheave a, Plate /, Fig. X, a 
column of water 20 feet in height. The working barrel is 10 inches in 
diameter, the length of stroke 2 feet, and the sheaves a, being 3 feet 9 
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inches diameter; the piston of the pump makes 380 strokes for every 
tfain drawn in each direction. The length of the plane of this engine 
is now extended. 



GENERAL RESULTS OF THE FOREGOING EXPERIMENTS. 

The practical condusion resulting from these experiments appear to be, 
that in the application of engines of the first description, page 276, viz., 
Engines dragging coals from the dip with a single rope, and where the 
indUnation is such that the empty set of tubs or waggons drags the rope 
ott from the engine ; that these engines are capable of realizdng an efficient 
performance equal to 60 per cent of the pressure of the steam on the 
piston. 

And, Engines working on planes requiring atail rope, working roimd 
a sheave at the end of the plane to drag the empty set and main rope 
out from the engine, pages 276 and 277 ; the efficient performance may 
be safely calculated at 40 per cent, of the pressure of the steam on the 
piston. 

These conclusions are arrived at on the supposition, that with wheeb 
of a diameter of 12 inches, the friction of the carriages is equal to the 
^nd part of the weight ^ and that with wheels of 7} inches in diameter 
the friction is equal to the ^^rd part of the weight; and that where the 
diameter of the sheave to that of the axle is as, 4 : 1, the friction of 
the rope and sheaves is equal to the -^th part of their weight. Any 
▼aiiatioD, by lessening the amount of friction of the carriages, or by an 
increased diameter of the sheaves ; will, of course, affect the results, and 
must be considered in arriving at a correct conclusion. 

While, however, as above explained, the engines are capable of yield- 
ing an efficient performance of 50 and 40 per cent of power respectively ; 
it will not be advisable in practice to erect engines, the nominal power of 
which is not greater than 50 per cent, above that of the efficient per- 
formance, calculated on the principles of the foregoing calculations. It 
will be advisable, probably, that the practical or efficient performance, 
should not be calculated at a higher standard than 30 per cent, or about 
one-third of the pressure of the steam on the piston, the velocities of the 
load, and of the piston being equal. 



GENERAL SYSTEM OF MECHANICAL CONVEYANCE OF 
COALS UNDERGROUND. 

Hsring detenuined the powers and capabilities of tbe diSerent descrtp- 
ttoQs of motiTfl power which maybe employed in the convejonce of coals 
imdergroimd, we can now apply them to an ima^inar}' cosil field ; for the 
purpose of showing, that by one or other of the applications of those me- 
chanioal powers, and with the aid of horses only as auxiliaries to those 
powers, the coals from any part of such coal field can he conveyed to the 
bottom of the pit. 

Let us suppose the space within the square ABCD, Plate I, Fig. I, 
to represent a coal field of four square miles in extent, the pit P, hein^ 
in the centre thereof; and suppose the coal beds to lay at an angle of 4° fiO' 
or 1 in 12, rising in the direction AB, and DC, the WHter level line being 
at right angles thereto, along the lines AD, and £C. The extreme dis- 
tance from the pit, to the fiill rise or dip, and water level, being, conse- 
quently, one mile. 

1st. — ^We have found that the mai^ of the action of the self-acting 
plane ia 1 in 30. Let the lines Fa, and Pb, represent an inclination of 
1 in 80. Then all the coal above those IL<ie>;, or within the area Pa, 
Bob P, is capable of being conveyed to the pit P, by self-acting planes, 
either by the plane Pc, direct to the pit, which will be an inclination of 
1 in 12 ; or by other planes, such as Pa, or Pb, or by the short planes de 
and fg, to the lines Pa, or Pb ; and so by the planes f P, and dP, to the 
pit The coal within the area PhBCiP, can also be conveyed down to 
the roads Ph, and Pi, by the self-acting planes ha, kl, mn, or lb, and so 
to the pit by the roads Pkh, or Pmi, worked either by borsts or engine 
power, as hereinafter explained. 

2nd. — We have ascertained, likewise, that with the carriages, or tubs, 
as at present constructed, the inclination of a road, to be worked by 
horses, and to produce a maximum effect, must be laid out at an inclina- 
tion of 1 in 130. Let the Imes Ph, and Pi, represent such roads ; then if 
horses are employed, the coal within the area PhnP, and PibP, will be 
conveyed along snch roads to the pit P. It is not absolutely necessary, 
as will be hereafter shown, that horses should be employed on these roads, 
as in the cases of the Elemore, Kast Minor, Marley Hill, and Killing- 
worth collieries, fixed steam engines are employed. If, however, the dis- 
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tances are shorty or {he quantity of coals to be brought out is small in 
amount, and engine power cannot be profitably employed; then these 
roads, at the inclination of 1 in 130, will produce a maximum e£Fect with 
horses. 

The preceding obsenrations apply to, and embrace, the conyeyance of 
the coal above the level of the pit, the remaining portion of the supposed 
coal field, viz., PhADiP, is to the dip, or deep, of the pit ; the conyey- 
ance of which to the pit P, will require fixed engine power. 

3rd. — ^We have seen, that at an inclination of 1 in 28, the empty tubs, 
or carriages, will drag out the rope of a fixed engine, without the aid of 
a tail rope, similar to the engines at the Eppleton, Springwell, Killing- 
worth, and East Minor pits. Let the lines Po, and Pp, represent the line 
of inclination of 1 in 28. Then engines of this description can be em- 
ployed for the conveyance of coal on this portion of- the coal field, either 
direct from the pit, the inclination being 1 in 12, as Pv, — along the lines 
of 1 in 28, Po, and Pp ; or along a portion of such lines, and then direct 
to the dip, by the branching planes qr, and st. A.nd, we have seen that 
those engines may either be placed at the top of the pit, the ropes lead- 
ing down such pit; — or they may be placed at the bottom of the pit, and 
in the last case, the boilers may be either placed on the surface, the steam 
being conveyed down the pit in pipes, or they may be placed with the 
engine at the bottom of the pit. 

This description of engine plane would, therefore, convey the coal to the 
pit P, from all the points or stations x, o, r, v, t, p, and z, or any vari- 
ation of planes terminating at those stations ; and the self-acting planes 
wx, o'o, yz, or p^p, would convey the coals down to the engine planes Po, 
and Pp ; — ^while the engine planes, as in the cases of Eppleton, Springwell, 
£c., would, by landings between P, and Y; q, and r; or s, and t; convey 
the coals between the line of planes Po, and Pp, and the horse road vr, 
and vt, to the pit P. This system of engine and self-acting planes, com- 
prises therefore, the conveyance of all die coal situated below the level, 
or to the deep of the pit to the bottom of the shaft P, with the ex- 
ception of the conveyance along the horse roads, which we shall now 
consider. 

4th. — ^It has been ascertained, as before stated, that an inclination of 
1 in 130, with the present description of carriages in use underground, 
will produce a maximum efiect, or that the resistance of the loaded tubs 
down, will be equal to that of the empty tubs up, such a plane ; whether, 
flierefore, horses or engine power is intended to be used, it is alike 
Vol. hi. — ^April, 1865. t t 
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advisable, that this inclioatlon shoald baemlaiivoiired to he estahliahed oa 
the levels of the mine. 

I am aware^ that this is a greater rate of inelinatioii than is required 
for the water levelS; the passages for which may be driven at about 1 in 
200. But it is a subject of oouski^rable importaucei aad will entirelj 
depend upon the local, or partioular oireumstauces of each mine, if it be 
advisable, in order to preserve correct water levels, that the horse roads 
should be driven at the same rate oS iaoU^iation and thereby snlgeotiiig 
the motive power which convey the coal, for probably aeyeral years, to 
an increased rate of cost. At all events, having Hwt rate of indioatioii 
which will produce a maximum efieet, it must be left* to the judgment 
of the engineer in charge of the mine, to determiAa to what extent the 
influence of other considerations justifies a departure therefinom. 

Returning to the consideratbn of the motive power to be used on the 
horse roads. We have seen by the experimtttts hereinbefore given, and 
by the description of the engines No. H, page 804, viz^ the Klemore and 
East Minor engines at Hetton Colliery, and the KUUngwortli, Marley Hill, 
and Black Boy engines ; that those engines are emidoyed on what were 
formerly the horse roads of those collieries* These description of engines 
will, therefore, by providing for the conveyance of the coals fiom those 
portions of the coal field not hereinbefore provided for, complete the system 
of conveyance of coals by fixed engines underground ; and, with the aid 
of self-acting planes, will show by what means the whole of the coals, in 
such a coal field as that represented by Plate V, can be conveyed to a 
central pit P, without the aid of hoi*ses, except as auxiliaries to those me- 
chanical powers, at the landing of the different planes. And I may adu, 
that this is only necessary in few cases, as in all ordinary cases the roads 
may be so arranged that the diffei^ent planes may be worked with each 
other, and at the bottom of the pit, without the aid of horses. 

I have, in the last description of engine power, purposely given ex- 
amples of those planes where the curves are very considerable, and where 
the planes are by no means in a sti*aight line, such as the Elemore and 
Black Boy planes ^ and where, hkewise, the undulations are very consider- 
able, beyond that where the tubs or carriages will run of themselves, and 
where they would over-run the hauling rope, were they not prevented from 
doing so by the tail rope. 

These curves and undulations show, that the application of such planes 
may be varied to a considerable extent from those of straight lines, and 
from planes of uniform gradients -, and are such as will meet almost^ if 
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not entirelji any case betvreen the self-acting plane of 1 in 30 descending^ 
and engine power of 1 in 28, where the gravity of the tubs will over- 
haul the rope« 

It cannot, howeveri be assumed that the case brought forward in Plate 
Vy represents all the varied circumstances of coal fields in generali where 
the oocunence of dykes and faults, disturb the continuance or regularity 
of the strata, or where yariations of the inclination of the beds of coal 
interrupt or break the continuity of planes laid out with a specific in- 
diaation, for the application of a particular descripticRi of motive 
power. The oase is given to illustrate, the particular applicati<Hi of the 
diflbrent descriptions of motive power 3 and to show, in what manner tiie 
whole of the coal of such a coal field, can be conveyed to a central pit 
by mechanical means. 

It would lengthen this paper, much beyond the limits of what is either 
necessary or advisable, to go into the consideraticm of how or in what 
manner such variations or interruptions as those above alluded to, should 
be met; this must be left to the judgment of the engineer in chai^ 
of the mine, and having before him, besides his own experience, the 
principles^ and the practical performimces of the di£ferent descriptions of 
motive power, which I have endeavoured to illustrate. It will be f(M* him 
to consider, whether any of them, in the ordinitfy drcumstances of the 
mine, or whether, with probably a moderate expenditure of capital ; some 
one or other of those mechanical modes of conveyance may not be 
adapted to almost every case in practice, without having recourse to the 
expensive and tardy system of horse labour. 

And I may, in conclusion, be allowed to point out, that if the inclina- 
tion of the beds of any coal field is greater than that assumed in Plate 
V; then the margin of the application of self-acting planes to the rise of 
the pit; or of engine planes, where the gravity of the tubs overliauls the 
rope, will be more extended ; and the necessity of horse power, or the 
application of engine power with tail ropes, will be correspondingly 
diminished : — ^And the triangles Pab, and Pap, will be extended ; and 
the triangles Poa, and Ppb, will be diminished. On the contrary, if the 
coal field is more level, or less than an inclination of 1 in 12, then the 
contrary will be the e£Fect, the triangles Pab, and Pop, will be diminished 
in extent, and the triangles Poa, and Ppb, will be extended in area; and 
the application of self-acting planes, and engine power with a single rope, 
will be diminished, and the application of engine power with tail ropes 
extended. And, if the beds of a coal field should be level, or not 
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reaching an inclination of 1 in 28, or 1 in 30 ; then self-acting planes, 
and engines where the gravity of the train is to overhaul the rope, 
cannot either of them be applied ; and the entire conveyance will have 
to be accomplished by either horses, or engines with tail ropes ; unless 
breaks^ or variations in the strata occnri when by a moderate expenditure 
of capitali one or other of the other descriptions of motive power can 
be applied. 

It was my intention, and I had made several experiments for that pur- 
pose, to have investigated the loss of power, by the transmission of the 
steam from the boilers to the cylinders; either, by its conveyance down 
the pit in pipes, where the boilers are on the sur&ce and the cylinders 
underground; or, by its conveyance from thence, or frt)m the bottom of 
the pit, to engines placed at a distance therefrom, but I found it would 
have extended this paper too much. I shall, therefore, at a friture time, 
and as an appendix to this paper, trouble the Institute with some obser- 
vations, and experiments on this subject; with a view of ascertaining, to 
what distances steam engines can be plac^ from the shafts, or in exten- 
sion of eoiginea conveying coals direct to the shafts, up which the coals 
are to be drawn; and thus to determine, how far the system of engine 
power can, in deep pits and expensive winnings, be economically ex- 
tended, in substitution of the sinking of such pits or winnings. 
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MONTHLY MEETING, THURSDAY, MAT 3, 1865, IK THE BOOMS OF THE 
INSTITUTE, WESTGATE STREET, NEWCASTLE-UPON-TYNE. 



T. J. Taylor^ Esq., in the Chair. 



The minutes of the Council having heen read, 

The Chairman apologised for the absence of the President, and 
the meeting proceeded with the election of gentlemen proposed at the 
previous meeting, and after the votes had been taken, the following were 
elected : — Mr. Robert Cadwallader, Buabon Colliery, Wrexham; Mr. 
William Hynde, Ruabon Iron Works, Wrexham ; Mr. Samuel Dobson, 
Newport, Monmouth; Mr. William Hobbs Ware, the Ashes, Stanhope. 

The Chairman then said, that the first business before them was the 
discussion regarding the paper of Mr. P. S. Reid, en '^ Blowers of Ex- 
plosive Gas," in order that the objection of Mr. Atkinson to a calculation 
in the paper be fairly considered and settled. As Mr. Reid, however, 
was not present, he (the Chairman) did not think they could with pro- 
priety enter upon the subject, and there appeared no alternative but to 
adjourn the consideration of the subject at issue until the next meeting. 
In the absence of Mr. Reid he thought they might devote their time in 
discussing the summary of Mr. Atkinson's paper " On Mining Science," 
and with that view he should be glad to hear any observations from any 
gentleman present. 

Vol. Jir.-.MAY, 1855. 
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Mr. M. Dunn suggested, that it would be better to postpone the sub- 
ject until they had before them Mr. Wood's observations on it. 

The Chairman — ^Then, in that case, he would have to adjourn the 
meetmg, as there was nothing else before it for consideration. 

Mr. Dunn — ^If so, perhaps Mr. Atkinson would oblige them with a 
brief summary of the subject 

Mr. Atkinson thought it would be a difficult task to do so, as he had 
not seen the paper since he wrote it and sent it to the Institution. He 
should, therefore, prefer reading the whole of it. 

The Chairman suggesting such a course, 

Mr. Atkinson then proceeded and read the paper. 

At the termination of the reading of this paper, the Chairman sug- 
gested that the discussion of it be postponed until the next meetings 
which was agreed to. 

Mr. Berkley, previous to the meeting separating, called attention to 
the importance of the Institute being furnished with Parliamentary papers 
connected with the Coal Trade, and proposed the following resolution on 
the subject : — 

" That this Institute do purchase copies of aU Parliamentary papers connected with 
the Coal Trade, whether they refer to the mine engineeiingp department, the export of 
coal, foreign or home, or statistics of the Coal Trade generally, that may from this date 
be published : and that it is also desirable that when any of the before-mentioned Par- 
liamentary documents are published, notice of such publication shall be given to the 
members in the Monthly Circular, and that any member wishing to purchase such pub* 
lications, shall, by signifying such wish to the Secretary, within one month of receiving 
the notice, be provided with a copy of such publicatioo, if the same can be obtained. 
Each member to pay for his own copy the price charged by the publisher." 

The motion having been seconded and agreed to, the meeting separated. 
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CHAPTER L 

In the introdactoiy remarks; it is stated; on general principles; that a 
knowledge of the correct theory of the art of Ventilating Mines may 
reasonably be considered to have the following beneficial effects on the 
practice of the art. 

Ist — ^That of freeing practice from an amoant of empiricism; which 

is presmned to prevail; in the absence of such knowledge. 
2nd. — ^That of having a general tendency to lead to improvements 
in the practice of the art ; both directly; by reasoning and in- 
duction ; and by enabling us to devise and carry out experi- 
ments having the same end in view, on systematic and correct 
principles ; and also by enabling us more correctly to generalize 
the results of any such experiments and to draw true inferences 
fit)m them. 
3rd. — ^That of saving useless expenditure in trying unsuccessfully to 
carry out new and impracticable arrangements for the Venti- 
lation of MineS; on the one hand ; and at the same timo; of 
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enabling us to select and determinei a priori, what are the best 

arrangements for ventilating particular mines. 
As the usefulness of the paper depends, to some extent, upon the cor- 
rectness of the above views, and as their confirmation by the members of 
the Institute might have a tendency to increase the degree of attention 
paid to the subject, perhaps some of the members may express their 
opinions as to their correctness or the contrary. 

Although most of the laws enumerated as afiEecting the Ventilation of 
Mines may be regarded as being well established and generally receivBd, 
yet some of them do appear to be worthy of discussion by the members 
of the Institute on the present occasion. Amongst those may be named 
(6), (7), and (8), taken in connexion with Note Y, in the Appendix ; 
because the great simplicity and generality of the law which may be con- 
sidered as the general resultant of these laws, is such, as in itself to form 
one of the principal keys to the acquirement of an easily retained 
knowledge of the laws of ventilation : the generality of the law, of the 
pressure required to overcome the resistance being proportional to the area 
of the rubbing sur£Euse presented to the moving air, when other conditions 
are constant, renders it useful for finding the pressure required^to over- 
come the resistances occurring in passages of almost every form and area 
of section : and the law of the pressure per unit of surface (8), beings 
further, inversely proportional to the area or number of units of surface 
of section over which it is to be distributed, when the velocity of the air 
in the passage is supposed to be constant, (proportional to the square 
of the velocity, when it is not constant), is both simple and general in its 
application. 

Laws (9), (10), (11), (12), (13), and (14), may, perhaps, also be consi- 
dered as deserving a passing notice in the discussion, when taken in 
connexion with the remarks which accompany them ; as it appears as if 
experiments are yet wanting for their complete elucidation ; or perhaps 
some of the members may be able to throw light upon the doubtful points, 
without making any special experiments for the purpose of determining 
them. 



CHAPTER II. 

This chapter has reference to the discharge of fluids under pi^essure, 
through orifices or short tubes; and the pressure due to the generation 
of motion, considered apart from pressure due to frictional or other 
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resistances ; and although so far useful^ perhaps does not present any 
particulars requiring discussion here. 

CHAPTER III. 

In this chapter^ perhaps some of the following matters may be deemed 
worthy of discussion. 

Section (18)^ so far as regards the final velocity in elastic fluids passing 
through confined passages^ being the only velocity actually absorbing 
pressure except in so far as motion creates firiotion : — m the same section 
the effects of the gravitation of the air^ in ascending and descending parts 
of an air-way^ on the ventilation^ are noticed; and may^ if deemed neces- 
sary, be discussed. 

In Section (19) some doubtful points are alluded to^ which perhaps 
some of the members may be able to explain ; or, on the other hand, be 
willing to prove by expoiments. 

In Section (20) a mode of finding the resistances presented by any 
'^ wastes/' returns, or other air-ways in mines, is alluded to, and which 
perhaps might be resorted to in some instances with benefit. 

In Section (22) it may be seen that in order to prevent the formulae 
becoming too intricate, the effects of the extra degree of expansion in the 
air, due to a higher, as compared with that due to a lower average 
upcast temperature, has only been allowed for in so far as it alters the 
ventilating pressure, and not as it tends to increase the frictional resistance 
due to a given weight of air passing up the upcast shaft, this will perhaps 
seldom affect the correctness of the conclusions obtained by the use of the 
formulse, in reference to the Ventilation of Mines, to any material extent ; 
more especially where the resistance presented to the air by the upcast 
shaft forms a very small part of the entire resistance, encountered by the 
air, from its entering, up to the time of its leaving the mine ; and again, 
when the quantities observed as data, do not differ very widely from 
those to be calculated for: — ^yet particular cases. may occur where it is 
necessary, from the limited distance travelled by the air in the workings 
of a mine, to make allowances for the differences of expansion, causing the 
air to encounter resistances in upcast shafts, which are not proportional 
to the square of the volume of cool air circulating in the unit of time ; 
and the following note was sent too late to the printer for insertion in 
the Appendix to the Memoir ; as having reference to such cases, besides 
being useful for calculating the dimensionso^uired in flues or chimneys, 
Vol. III.— May, 1856. u u 
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travanied by air having difibraat tempentorai, in difimnt pasts of their, 
extent^ in order that they may be capable of cixcalatiiig a giren quantity 
of air. 

Note on the Mode of Calculating the Corresponding Preemre and Die- 
charge of Ait tn WtMe^ Fhise, and Chimn^ where different tern- 
peratures prevail in different portions of the raittes traversed iy 
the air:—-' 

In mines which have only a small extent of air- ways to be traversed by 
the air, before being expanded in Tolamey by the heat of a rentili^ing 
fnmaoe; and in floes or dbiBmeys of manufiEM^tories^ or ei^ines^ it will| 
perhapsi sometimes be desirable to malse the necessary aUowanees for the 
effects produced on the resistances^ by changes in the degree of expan- 
sion; and thus also oa the vohme and velecitjf of the air discharged ; in 
any calculations relating to the quantity of air oirenlating in a giTen 
time. In order to exhibit a mode of doing this let the following netat&QA 
be adopted^— 

Let Ifij Ml, M^ &o., be the qpeoifie resistances of succeeding potions 
of the route of the air. 

Let the prevailing temperature of the air in such succeeding portions of 
the route be Ti^ T.; T,, &., respectively. 

Let T be the final temperature of the air on its expulsion from the 
exit end of the route. 

Let Q be the cubic feet of air (taken at its volume as due to some 
temperature t^ assumed as a standard) discharged per minute^ by a pres- 
sure expressed in height in feet of air column of the density due to the 
same standard temperature t^ such height of air colunm being represented 
by P. 

Let A = the area in superficial feet of the exit end of the air-way. 

TheO; if the air be assumed to start from a state of rest^ at the entrance 
end of the air-way, the expenditure of pressure in air-column of the 
density due to the temperature Ti, in that part of the route which has 
the specific resistance M^ will; (see (54) &o.), be expressed by 



U59 4- t ^ ) ^^ 



which^ by [24] is equivalent in pressure, to a column of air having the 
density due to the standard temperature t, expressed by, 

^ 459 + t 
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By a similar mode of prooeedingi we find fhat the pressnre required, in 
the part where Mt is the specific resistancei expressed in column of air of 
the density dne to the standard temperatnre t, is 

, 469 + T, 
Q 459 + t ^ 

and where Mt is the specific resistance, we have for the pressure, in air- 
column of standard density 

n ,469-fT. 

Q459-ht ^' 
and we could thus find the pressure due to each of the parts into which 
the air-way may have been conceived to be divided| whether the divisiona 
were made to suit changes in the form of the section of the air-way, or 
of the prevailing temperature of the air; and, lastly, the expenditure of 
pressure, expressed in feet of air-column of the density due to T, on the 
generation of the final velocity with which the air leaves the exit end of 
the air-way, is, by [10] 

/459jf2'^ V 

V469-ht Q; 

231,600 A» 
which pressure is expressed in feet of air-column, of the density due to 
the standard temperature t, by 

469 -H iT 
r.. 469 -f t 
^ 281,600 A« 

The entire expenditure of pressure expressed in feet of air-column of the 
density due to the assumed standard temperature t^ required to circulate 
the quantity of air Q, reckoned at the volume due to the same tempera- 
ture, is therefore expressed by 

^ = 465nrt { (*5® + ^«)^i + (^^^ + TJ^'t + (*^» + ^^^^ 
and hence the quantity of air put into drouhtion by any assumed venti- 
lating pressure P is 

' P (459 + t) 

(469 + TO Mj + (469 + TJ M, + (459 + T.) M, &o., .... + ^^j^. 

The pressure P, must, of course, embrace the entire ventilating pres- 
sure, whether arising in the vertical or inclined parts of the shafts, air- 
ways, chimneys, or flues, ag the case may be. 

In (24), (26), (26), (27), and more particularly in (28), we have a mode 
of finding and comparing the specific resistances of different mines, 
which may be useful for calling attention to such mines as greatly require 
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an improTed arrangement for splitting the air ; whether such improve- 
ment be required in order to increase the amount of air circulating^ or 
merely with a view of reducing the cost of producing the necessaiy 
amount of ventilation required in the mine. 

The specific resistances of different mines may ahio be employed, in 
order to determine which of any number of modes of producing venti- 
lation, whether by furnaces, fans, Hartz pumps, or otherwise, will be the 
most economical, in any mine of which we may have ascertained the 
specific resistance ; provided we have the account of the veihtilation pro- 
duced by the same kind of machine, or power, in any other mine;, of 
which we also know the specific resistance. 

In section (29) rules are given for finding any corresponding upcast 
temperatures and quantities of air circulating in the unit of tim^, in 
mines where we have observed one series of corresponding upcast tem- 
peratures and quantities of air. 

In section (32) the quantity 1 is assumed to be a constant quantity, or 
nearly so, in reference to the loss of temperature by cooling in any given 
upcast shaft; and as the loss in question has an important bearing upon 
the determination of the best area, for the mere purposes of ventilation, to be 
given to upcast shafts, perhaps some member would think it worth while 
making experiments to determine the law of loss by cooling in upcast shafts. 
In (36) it is shown that the quantity of air put into cireulation in any 
mine, by each lb. of coal consumed, will vary to an enormous extent with 
an alteration in the energy of the ventilating power employed, and in the 
quantity of air circulating in the unit of time, and hence the necessity of 
ascertaining, not only the specific resistance of a mine, but also the energy 
or amount of power applied in it to produce ventilation, before any correct 
conclusion can be drawn, as to the comparative economy in the consump- 
tion of fuel, of different modes of producing ventilation, whether such 
modes are tried at one and the same, or at distant times, even in the 
same unaltered mine. 

In section (37) we see that the consumption of fuel is very nearly pro- 
portional to the cube of the quantity of air put into circulation in a given 
time, in the same mine, and that it is so, whether furnace or engine 
power is applied to create ventilation; so that we must consume 8 times 
the fuel, to obtain twice the quantity of aii* in the unit of time ; and 27 
times the fuel to get 3 times the air in the unit of time ; so long as the 
state of the mine, and the an'angement for ventilation, remain unaltered, 
except in cases where natural ventilation prevails, so as to alter the jiro- 
portion alluded to. 
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The loss of power in hnB and also in Hartz rentilators has been found 
by continental Mining Engineers to be rery great; but it may be ques- 
tioned whether a large proportion of this loss could not be avoided, by 
making the valves and air passages connected with the Hartz ventilators 
of 'large dimensions; and balancing the valves in a proper manner. As 
Mr. Struv^'s ventQuting machine appears to be the same in principle as 
the Hartz ventilator, it appears to be desirable that experiments should 
be made on some of those mainlines, now in use in this conntryi in order 
to ascertain the loss of power in them. 

One form of Mr. Struv6's machine has double the number of sets oi 
valves, and air passages leading to them, which are used in the Hartz 
ventilator ; and is, therefore, so much the more liable to be deranged ; 
and^his liability to derangement, both in the machine itself, and in the 
engine employed to work it, I hold to be one of the principal points in 
which the fiimace is to be preferred as a ventilating power. 

It is true that by doubling the number of sets of valves, as just alluded 
to, Mr. Struv6 professes to obtain a double quantity of air, from pumps of 
equal 'dimensions with those of a Hartz ventilator; but as, in such case, 
the power must be increased to suit the resistance encountered by the 
greater quantity of air; and as the same quantity of air could be got, by 
the same power, by using a machine of the Hartz kind, having the linear 
dimensions of the pumps little more than one and a quarter times as 
great as those in a machine constructed on the modified principle pro- 
posed by Mr. Struv^; I consider that the old form of the Hartz venti- 
lator is to be preferred, as being more simple, less liable to get out of 
order, and as economical in power. 

For certainty and constancy of action, I hold that the furnace is to be 
preferred to any machine, or mode of producing ventilation, at present 
known; in all cases suited for its application; yet I strongly incline to 
the opinion that machines constructed on proper princijdes, would in 
almost every instance, produce ventilation at a less cost in fuel than it can 
be produced by furnaces. There are also some cases which admit of the 
application of machines, and are ill adapted for the application of furnace 
power, for the production of ventilation. 

CHAPTER V. 

It has, I believe, irequently been laid down as a principle in the venti- 
lation of mines, that the upcast pit ought to be situated more to 
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tihe riseof the strata than the downeaat pit, fiir the pnrpoBe of ventilation. 

Where the surfiEUse of the earth is Bitaatad at the eame lerel^atthe 
top of each of the pits, and ihmaoe action is em^oyed to prodnee Tenti- 
latioB, I disagree <with the abore prinoi]^, as a general rtde; because I 
think it wiU generaU J be found Ihat the iipper part of Ae upc^ 
ofair will be so mnohmore heated and e^qmnded, Hian the air in the 
ascending workings, between the bottom of the downcast, and that of the 
upcast pit> that it will give a pressure, oyer eqMd Tertical distanees, 
capable of overcoming more than donUe the aseflnsiaaal, power, ao to 
speak, of the air in eodi ascending wofkings, and whatever is to qiare, 
beycmd this, will be so much added to the ipeneral wntilating pressors, 
for an equal consumption of fuel 

Although as regards a level coal district, Uke that of Newcastl%tlia 
above may be considered as a matter scaiceiy deserving notice; yet in 
other districts, where the pits are not so deep, and where the inclinatiop 
of the strata is considerable, it is not so nnimportant 

In (44) and (16) we have sules&r finding tbo quantities of sir which 
will pursue each of a series of routiBB open to it, by means of die jpecifie 
resistances of the routes, w'hen a igeneral and equal ventilatiag pressure 
operates over Uttb whole of ikB rentes. 

We also have a made of findmg the reBistance due to a passage which 
would transmit a quantity of air, in a given time, equal to the total 
quantity of air transmitted by the united action of any number of such 
routes under the same pressure. 

At page (124) we have a tabular statement of the coefficient of Fric- 
tional Resistances, presented to the passi^ of air, by different sub- 
stances, against which it may have to move. 

Although in the case of water, the coefficient of resistance is the 
same, for all kinds of substances, in contact with which it has to move, 
yet, as regards air, it is, on the contrary, found to vary to so great an 
extent as to become highly interesting when considered in reference to 
the practice of ventilation ; as it appears to hold out a prospect of enabling 
us to obtain a considerably increased quantity ofair in a mine, by using 
what may be termed an anti-firictional coating, on the walls of shafts, 
and the main air-ways near them, with equal ventilating powers ; or, on 
the other hand, of cheapening the cost of producing ventilation, by re- 
ducing the friction in the shafts and main air-ways; and might even 
save the cost of sinking additional pits, or driving additional, or larger 
stone drifts, to increase ventilation. 
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A comparison of Table 2 with Table 4, or of Table 3 with Table 5^ 
will; at once; show how very important a matter^ in the rentilation of 
minesy it is to have the reeistanoea in the shafts and azr^ways near them^ 
reduced to their minimum amonnt Besides; there woidd be a saving in 
the loss by cooling, if the resistances in an npoast shaft coold be reduced 
in the manner alluded to, compared with the same amount of reduction 
if it had to be effected by the mere enlargement of the shaft itself. 

The deep pits in the eastern part of the county of Durfaam, wfaidi 
have to penetrate the magnesian limestone^ before readizng the coal 
measures, appear to be suited for the application of the principle sug- 
gested, as they are so costly to sink. 

In the Table at page 124, it will be seen that a coating of tar or pitch 
on cast iron, requires only about ope>feurteenth part of the pressure to 
overcome its frictional reristance, which was required to overcome the 
resistances of the shafts, and a part of the air-ways of the Crook Bank 
colliery, in the experiment made by Mr. O. C. Greenwell in that col- 
liery; while the resistance offered by brick or pottery is found to be 
such, that it, also, requires about fourteen times the pressure to overcome 
it, which is required by tar on an equal sor&ce of cast inm— other things 
being the same.* 

It should, however, beobserved that the air was heated in the experiments 
by which the resistance of a surfoce of brick or pottery was determined, 
while the air was cool in the experiments which determined the resistance 
of a sur&ce of tar on cast iron; anditwasheatedover one part; and cool 
over another part, of the distance traversed in the Crook Bank cdliery 
experiment; and although M. Pficlet, who has made upwards of 600 
experiments on the resistance of air, has concluded that the fiictional 
resistance is not affected by the temperature of the air, still I thmk it 
might be worth while trying ej^^eriments to determine this^ and also to 
determine the most suitable substance to be used as an anti-finctiottal 
coating for air, particularly, as the best siae to be given to upcast shafts, 
for the mere purpose of ventilation^ dependa partly upon the effects of 
heat on the firictioaal resistance; and aa tar or pitch is probably too in- 
flammaWa a substance to be used as an anti-frieticBal coating in m upcast 
shaft. 

* See sabeeqient remarks on certain erxon, taking &om Moos. Gizaid'a mieealenla- 
tionsy which had not been diflcovered when the ahove was written. The discovery of 
the error, in the coefBdent of Girard, for cast iron pipes, does not affect the principle 
aUnded to, as other suhstanees maj present even smaller resistaaoes. 
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l)ie coefficient of friction for steam in Mr. Rudler's experiment, al- 
luded to in Note II, in the Appendix, agrees very closely with that of air 
in cast iron pipes, covered with soot, if we presume that the fnction in- 
creases in proportion to the barometrical pressure, and if we take the 
steam as having escaped imder the pressure in the boiler, in Mr. Ru^er^ 
experiment. As, however, it is not stated that the pipe was of cast iron 
in Mr. Rudler^s experiment, some doubt may perhaps exist as to whether 
this was so or not. 

As the friction of steam in pipes has a bearing upon the question of 
the expediency of placing the boilers of an underground engine, in the 
mine, or on the surface, it is hoped that the paper now being brought 
before the Institute, by the President, may contain some information as 
to the loss of pressure arising to steam in traversing lon^ pipes. 

Note III, in the Appendix, shows that the coefficient of friction, due 
to gas in ordinary gas pipes, as given by Mr. Hawkesley, agrees almost 
exactly with the coefficient of friction due to water, as given by Ey tel- 
wein, in Note IV. 

The construction of the formulse in Notes III and lY agree very 
closely with those given in the Memoir. 

Note y indicates that an acquaintance with the laws governing Hie 
flow of gas through pipes, was, a short time ago, at any rate, rather 
uncommon, even amongst gas engineers; and Mr. Anderson's letter 
strongly corroborates the correctness of the formulae given in the Memoir. 

The erroneous rules given by Dr. Ure, in his Dictionary of Arts, 
Manufactures, and Mines, when treatmg of the flow of gas through 
pipes, confirm the statement of Mr. Anderson in reference to the lack 
of knowledge on the subject. 

Tables 2, 3, 4, and 5 exhibit, in a general manner, the benefits resulting 
from splitting the air in mines, in a judicious manner, when the splits are 
nearly equal to each other in every respect. 

The shaft resistances in Tables 2 and 3 are taken at a considerable 
amount, and equal to many cases which may exist in practice. From 
Table 2, it appears that, with the same ventilatinff pressure, upwards of 
fifteen times the quantity of air would circulate in such a mine, when 
divided into fifteen equal splits, which would have circulated before 
splitting the air ; so that there would be more air in each split, and it 
would only have one-fifteenth part of the workings to ventilate. 

In order, however, to realise the aSove, it would require a consumption 
of fuel proportional to the quantity of air circulating in the unit of time. 
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or nearly so; whetlier the ventilation were prodaoed by fiimaceB; or by 
engine power applied to a ventQating machine. 

In the same mine, it would have required the consumption of fuel^ or 
the engine power to have increased as the ettbe of the quantity of air 
circulating, to have produced the same amount of ventilation without 
splitting the air; thus, the consumption of fuel, and the engine power, 
must have been increased to 3,376 times its original amount, to give 
fifteen times the quantity of air in the unit of time without splitting. 

It appears to be desirable that experiments should be made to ascer- 
tain something like the law by which the consumption of fueli by any 
given furnace, increases, with an increase in the quantity of air passing 
over it in the unit of time. 

If the fuel burnt by any given furnace increases in the direct propor- 
tion of the quantity of air passing over it in a given time, then the 
results given in Table 2 would nearly represent those which would arise 
from splitting the air, without making any alterations in the furnaces by 
which ventilation is produced. 

In Table 3 are exhibited the results of dividing the same example 
mine, as is referred to in Table 2 into different numbers of equal splits, 
as described in the paper; on the supposition of the power employed 
to produce ventilation being constant; and hence, on that of the venti- 
lating pressure decreasing in the same ratio that the air is increased, as 
the resistances become reduced by splitting the air. On this presump- 
tion the fuel consumed in furnace action, would remain constant; and it 
would also be realized by an engine applied to produce ventilation 
through a machine, or very nearly so. 

From this Table it would appear that if an engine, or a furnace con- 
suming an invariable quantity of fuel in the unit of time, circulated 
16,198 cubic feet of air per minute, before splitting, it would circulate 
92;616 cubic feet per minute, in the same example mine, after being 
divided into 9 equal splits, under the conditions named in the Memoir; 
each split having 10,291 cubic feet of air per minute in it, and only 
having one-ninth part of the workings to ventilate. 

Table 4 exhibits the effects of splitting the air in a mine, having the 
same extent of workings as that alluded to in Tables 2 and 3, but with 
constant resistances, due to the shafts and the air-ways in the vicinity of 
the shafts, of much less amounts; under the same constant ventilating 
pressure as in Table 2. 

Vol. III.— May, 1865. x x 
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In ordor to Lave realised the above results^ under the conditions named 
in the Momoir; would Lave required the engine power to have been in- 
oroaned in the same proportion that the air increased, as also the con- 
iurn|)tion of fuel; whether used in an engine^ or in ventilating furnaces. 

Tbo roNults arising in the same mines, as are alluded to above, on the 
proiiiini|)tion of the consumption of fuel being constant, are exhibited in 
l*ublcii ii und b in the Memoir, and a few of the results are given below. 
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With the Urgm amount of reiifCanoe in the 
Bhafli and in the alr-waTi through which tha 
wholfl of the air paaaei. 


With the reduced reeltlance in the ihafta 
and in the air-waTi through which the whole 
of the air paieee. 


Numbor 

of 
BpUta. 


Total qmatitj of 

air circulating 

taieoMcftatper 

minute. 


Quaatitf of air 

in each split in 

eid>ic feet per 

minute. 


Number 

of 
SpUta. 


TMd quantity of 

air eireulatfaog 

ineuUefeetper 

minute. 


Quantitf of air 

in each split in 

cubic feet per 

minute. 


1 


16,198 


16,198 


1 


16,127 


16,217 


2 


32,094 


16,047 


2 


32,404 


16,202 


4 


60,129 


15,032 


4 


64,420 


16,105 


6 


79,042 


13,174 


6 


95,088 


15,848 


8 


89,492 


11,187 


8 


123,153 


15,394 


10 


94,850 


9,485 


10 


147,360 


14,736 


20 


101,132 


5,057 


20 

• 


210,365 


10,518 


30 


101,861 


3,395 


30 


225,850 


7,528 


40 


102,042 


2,551 


40 


230,377 


6,759 


50 


108,106 


2,042 


50 


232,080 


4,641 



Now^ the differences, in the quantities of air circulating in the two 
cases, arises entirely from the resistances id the shafts and in the air- 
ways near them, which are traversed by the whole of the air, being, in 
one case, taken at little more than l-18th part of its amount in the other 
case ; and when it is considered, that the specific resistances, allowed to 
be due to the shafts and air-ways traversed by the whole of the air, is, in 
the one case, taken at about l-257th part of the specific resistances of 
the divisible workings of the mine, and in the other case is supposed to 
be reduced to about l-18th part of its previous amount, it certainly ap^ 
pears to hold out a &ir prospect of greatly reducing the cost of producing 
ventilation, or of greatly increasing its amount, if any suitable anti- 
firictional substance could be applied to reduce the resistances in the 
shafts, and in the main air-ways near them — ^the differences in the Tables 
are little more than would have arisen from coating the shaft walls, and 
main air-ways near them with tar or pitch, had it been a suitable snb« 
stance, as it reduces the friction to about l-14th part of the amount 
given by Mr. Greenwell, as due to the shafts and air-ways in Crook Bank 
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Collierj; as compared with a redaction of no more than to l-18ih in the 
Tables. If this view as yet, partakes of the theoretical, it does so in 
such manner as to warrant the prosecution of experiments to prove 
whether it can be made available in practice or not. 

In Tables (7), (8); and (9), is exhibited a general view of the compa- 
rative results, in ventilation, to be anticipated from having the splits of 
equal and of unequal amoimts. 

Table 7 presumes the power and consumption of fuel by furnaces to be 
directly proportional to the quantity of air circulating in a given time, 
and shows a loss of 30 to 46 per cent, in the quantities of air circulating, 
when the splits form a series in arithmetical progression, as compared 
with the splits being all equal, as stated in the Memoir. 

Table 8 presumes the power and the consumption of fuel to remain 
invariable, and shows a loss of from 80 to 84 per cent, in the quantity of 
air circulating, arising from the same inequality of the splits. 

Table 9 exhibits the great reduction which takes place in the pressure, 
power, and consumption of Aiel, by judidously splitting the air when a 
constant quantity is circulating, both on the supposition of the splits 
being equal, and also on that of their being unequal, and forming an 
arithmetical series, having the least split for a conmion difference, undar 
the conditions stated in the Memoir. This Table shows that even when 
a mine may be considered to be sufficiently ventilated, it may occur that 
by improving the mode of splitting the air, the consumption of fuel, and 
the cost of producing an equal ventilation, may be reduced to a small 
per centage of the previous cost of producing the same amount of 
ventilation. 

CHAPTER VI. 

Presents for discussion the question as to the practicability of appljring 
the specific resistances of air-ways, to determine, in practice the best 
mode of ventilating a mine in reference to splitting the air. 

This chapter also opens the question as to the best mode of ascertain- 
ing the specific resistances of air-ways. Whether by taking the dimen- 
sions of the air-ways, or by observing the differences of pressure, as is 
proposed in the Memoir ; or by any other mode to be suggested. 

Can any member suggest the construction of an instrument to be used 
as a pressure gauge or as a barometrical instrument for finding minute 
differences of pressure, to a great degree of nicety, and moderately free 
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from the effects of heat^ in altering^ its indicatioxis ; or, <Hithe other hand, 
admitting of easy and accurate corrections being applied for sache£bctB? 

Would the Institute deem it worth while to get an instrument of the 
kind described In the Memoir, constructed and tried ? 

It may perhaps be considered worth the time to discuss the conclusions 
arrived at, as to real meaning of the water gauge indications, both in 
reference to the air-ways lying between the points of obsenration, and 
also in reference to the shafb and the air-ways extending from them to 
the respective points of observation. 

CHAPTER VIL 

Presents for discussion the formulae for finding the friction of revolv- 
ing anemometers, and the mode employed on the Continent for finding 
the constants a and b. 

CHAPTER VlII. 

Ccmtains the illustration of the application of the specific resistances of 
air-ways to determine, apriarij the effidctb of any proposed '' change of 
air" in a mine* 



REMARKS UPON THE PROPORTIONS OP POWER, RE- 
QUIRED TO PRODUCE DIFFERENT AMOUNTS OF VEN- 
TILATION IN THE SAME MINK 

It may, perhaps, appear from the following statement, that the con« 
sumption of fuel in ventilating mines, whether by machinery driven by 
engine power, or by furnace action ; is, under the ordinary circumstances 
of mines, nearly proportional to the cube of the quantity of air circnla- 
ting in the unit of time, in the same mine. 

In the case of machinery driven by engine power, the ventilating pres- 
sure to be overcome is nearly proportional to the square of the quantity 
of air circulating, in the unit of time, in the same mine ; while the 
velocity vdth which such pressure has to be overcome, is nearly propor- 
tional to the simple quantity of air circulating in the unit of time ; the 
power of the engine, however, in this, as in other cases, is proportional 
to the product of the pressure or force to be overcome, and the velocity 
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with which it is required to be oyercome ; and since the former is sensibly 
proportional to the square of the quantity^ and the latter to the quantity 
simply^ the power and fuel being proportional to their fvoduct, most be 
nearly proportional to the square of the quantity, multiplied by the 
quantity simply y which is^ in fact, the cube of the quantity id air eiitm- 
lating in the unit of time, in the same mine. 

As an example, suppose an engine to drive a Hartz ventilator, exhaust- 
ing air from a mine, as by pumping. If we would double the quantity 
of air without altering the eng^e, or machinery, the pumps would re- 
quire four times the force to move them, seeing that the ventilating pres- 
sure increases as the square of the quantity of air ^ and hence four times 
the pressure must be exerted on the piston, to overcome the resistance of 
the air, and this additional pressure, even if exerted on the piston travel- 
ling at the same speed, would make the power four times as great ; but, 
in fact, the piston must travel at twice its former speed, to exhaust the 
double quantity of air, in the same time ; and the piston, working under 
four times the pressure, and at twice its former velocity, evidently repre- 
sents eight times the original power, as being required to double the 
quantity of air; which increase of power is sensibly proportional to the 
fuel consumed, and is evidently proportional to the cube of the quantity 
of air. To have increased the quantity to three times its original amount, 
the ventilating pressure to be overcome, and hence, the pressure on the 
piston must have been increased to 3 x 3 = 9 times its original amount, 
and in order to exhaust the treble quantity of air, in a given time, it 
must have moved with three times its original speed ; and this 
nine-fold pressure on the piston, ond its three-fold speed, represents a 
power twenty-seven times greater than the original power, as being re- 
quired to circulate only three times the quantity of air in a given time, 
in the same mine ; so that the power, and therefore the fuel, are propor- 
tional to the cube of the quantity of air to be circulated in the imit of 
time, in the same unaltered mine 3 except in so far as the same may be effected 
by other or natural sources of ventilation, where machinery is employed. 

The greater or less degree of expansion, created in the air, owing to 
the changes in the amount of ventilating pressure employed, will certainly 
affect the volume, and therefore the velocity, of the air, and thus, the 
power; but to an extent seldom worthy of notice, when it is considered 
that a ventilatiog pressure of 2 inches of water gauge, will, in general, 
alter the volume of air less than l-200th part of its entire volume, if it 
were either entirely removed, or doubled in amount. 
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Taking the resistance encountered by a boat on a canal as proportional 
to the square of the velocity of the boat — and if we suppose an engine to 
drag such a boat^ by a towing line folding upon a drum ; then, in order 
to double the velocity of the boat; the strain on the towing line will be 
four times as great as its original amount; requiring four times the pres- 
sure to be exerted on the piston ; but this fourfold pressure must be ex- 
erted on the piston travelling at twice its original speed, in order that the 
speed of the boat may be doubled, thus representing eight times the 
original power, which is proportional to the cube of the double velocity 
of the boat, which is the proportion in which the power and fuel vary, 
with a variation in the speed of the boat; and this is a case, parallel 
with that of an engine producing ventilation through machinery. 

In the case of ventilation being produced by furnace action ; while the 
increase of temperature to be imparted to the air, within moderate limits, 
is sensibly proportional to the ventilating pressure to be produced, such 
pressure, itself, is nearly proportional to the square of the quantity of 
air; and hence the increase of temperature, and the fuel expended on 
producing such increase, in an equal quantity of air j will also be pro- 
portional to the square of the actual quantity of air : but the fiiel will 
evidently be further proportional to the actual quantity of air in circu- 
lation, and requiring to be heated ; so that, on the whole, I hold, that 
even in furnaces, the fuel is proportional to the cube of the quantity of 
air to be circulated in the imit of time, except in so far as the proportion 
may be modified by 
1°. A change in the proportion of fuel due to cooling in the upcast 
shaft, with changes in the temperature, and quantity of air cir- 
culating. 
S^. Changes in the proportion of fuel saved by heat imparted, or lost 
by heat abstracted, by the walls of the mine, from the air cir- 
culating. 
3^. By changes in the specific heat of the air, arising from changes of 
temperature, and in the weight of air expelled by heat, firom the 
upcast shaft, at different temperatures. 
4^. By the extra expansion of the air in upcast shafts at higher as 
compared with lower temperatures, giving rise to increased resis- 
tances, beyond what would be due to air at the same temperature. 
So far as these sources operate, they will affect the ratio of the quan- 
tity of fiiel, to that of the air circulating, in a given time, in the same 
mine; as their effects will be greater, in propcntion, as the quantity of air 
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is lessened ; so that the cube of the quantity of air will not be^ strictly, 
although perhaps in mines where a tolerably energetic ventilation is kept 
upj it wiQ be veiy nearly proportional to the quantity of air circulating 
in a given time. 



REMARKS ON CERTAIN ERRORS IN THE PAPER ON 
''THE THEORY OF THE VENTILATION OP MINES,'' 
ARISING FROM MONS. GIRARD'S MISCALCULATIONS. 

Previous to conmiunicating the Paper on the Theory of the Ventilation 
of Mines; to the Institute^ I had not seen Mons. Girard's detailed account 
of his experiments on the Transmission of Air and Curburetted Hydrogen 
Gas^ through cast iron pipes, and wrought iron tubes; and, conse- 
quently, had to take a brief account of the deductions drawn from them, 
which I had in Mons. P^det's ^'Trait6 de Chaleur:" since then, however, I 
have been jbvoured with the perusal of Mons. Girard's detailed account 
of his experiments, and this lias led me to detect two errors, which I take 
this opportunity of coirecting. 

Mods. Girard appears to have fallen into an error, in calculating from 
his experiments, the constant co-efficient of resistance, due to the trans- 
mission of air or gas, through cast iron pipes, and Mons. P6clet, and my- 
self after him, have given the same erroneous constant. 

To correct this error, it is necessary to make the following corrections 
in my Paper on the Theory of the Ventilation of Mines. 

1° — Instead of TJJiLi^^^isis being the value of the constant k, due to 
cast iron gas pipes, as stated in Table 1, at page 124, the value of 
the constant, according to the experiments, should be Tjri}S^i»izj5 

2^ — Instead of the 2nd line of the tabular statement at page 209, of 
the Institute Journal, being 
''Old tarred cast iron I cool | -000,000,019,050 | 56-664 | 7-5275;" 

according to the experiments it really ought to be 
'' Old tarred cast iron | cool | -000,000,048,436 | 22-286 | 4-7208." 

3° — Instead of the formula* [n], in the tabular list of formulae, at page 
210, the true formula to agree with the experiments, is 



V =J 331.600 h X 47208 J i;:p^86D W 

The second error to which I have to solicit attention is contained in a 
statement in Section 10, at page 77, to the effect that the absolute amoimt 
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of pressure per unit of surface required to overcome the fnctional resist- 
ance of tubes or air-ways^ to the passage of air or gaseous bodies^ was 
found by M. Girard; in his experiments with the gas-lighting apparatus 
of St. Louis Hospital, to be the same for the passage of the gas used for 
lighting, as for the transmission of air, rendering it highly probable that 
it is the same for the passage of all kinds of gases whatever, through 
the same pipe or passage. 

The above statement would appear to have been made in consequence 
of M. Oirard's first general conclusion, professing to be drawn from his 
experiments, which is to the following effect : — 

''1^ — ^That carburetted hydrogen gas and atmospheric air, under the 
same state of compression, move after the same laws, and ex- 
perience exactly the same resistances in the same tubes, and t)iia 
independent of their specific densities," 

In pomt of fact, however, the experiments plainly indicate that for the 
passage of atmospheric air and carburetted hydrogen gas, through the 
same pipes, and under the same pressure the volumes discharged in a 
given time, are inversely proportional to the square roots of their re- 
spective densities : that this is the case, will appear by examining the 
following statement of experiments made by Mons. Girard; compared 
with calculations based upon the above law. 



of 
Experi- 
ment. 


Length of Plpee 
in Feet ; the 
prenurel^ttnlt 
of surfHoe being 
constant for 
•U the expert- 
mente. 


Numbem proportioDal to the 

obeerred dischargee in the unit 

of time. 


DifchargM of Atmo«pheric Air, 
calcalated from thoie obf erred of 
Carbnrptted Hydrogen Gas tak- 
ing tlie dischargM to beinrerieiy 
proportional to tbe M)uare roots 
of the deniJtiee ; and the upecifle 
graTity of Carburetted Hydro- 
gen a« *AA5, to tint of Air aa 1. 


1 & 4 

2 & 5 

3 & 6 


Bnglieh FeeU 


Garb. Hjdrogen. 


A.tmocpherleAlr. 


• 

9,074 
6,298 
4,033 


422-58 
1233-00 
2043*30 


12,180 
7,103 
6,414 


9,023 
6,414 
8,947 


Sums .. 






18,384 


18,405 





This conclusion is fiilly borne out by tbe other experiments of Mons. 
Girard which bear upon this part of the subject. 

The experiments, therefore, when considered in connection with the 
ascertained fact, that, when other things are the same, the volumes dis- 
VoL. III.— May, 1855.' y y 
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charged in a given time are proportional to the square roots of the pressore 
per unit of surfiuse^ lead to the conckision^ that if fhe pressure per unit 
of sorfaoe be estimated in height of head of air or gas, of the same 
density as the flowing air or gas^ then will the Tolmnes discharged in the 
unit of time be directly proportional to the square root of the height of 
such head or column, when the length of pipes, or air-ways, and other 
things, remain constant and unaltered ; and as the formubs given in the 
Paper on The Theory of Ventilation agree with this, no further alteration 
is required, beyond the erroneous statement alluded to in Section 10, page 
77, where the statement ought to be, 
'' (10)— The height of head of air or gas column, of the same density 

as the flowing air or gas, required to overcome the firictional 

resistances, &c.,'' 
InUeuof 
*' (10)— The absolute amount of pressure required to overcome the 

frictional resistances, ic/* 
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NORTH OF ENGLAND INSTITUTE 



OF 



MINING ENGINEERS. 



MONTHLY MEEmfO, THURSDAY, JULY 6, 1865, IN THE ROOKS OP 
THE INSTITUTE, WBSTOATE STREET, NEWCASTLE-UPON-TYNE. 



Nicholas WooD; Esq.^ Pbesidbnt of the Institute^ in the Chair. 



Mr. DouBLEDAY^ the Secretary, haying read the minutes of the 
Council proceedings, then read the minutes of the last monthly meeting; 
after which, referring to the resolution passed respecting his instructions 
to procure all parliamentary papers on the subject of Mines and Mining, 
Ao., stated that he had given a general order to Mr. Chamley, book- 
seller, to obtain all publications connected with the Coal Trade. 

The President then said, they would peroeiTe that the minutes of 
the Council contained nothing requiring notice from him, excepting the 
subject of the proposed Mining College of Engineers. They perhaps 
would recollect that, at a preyious meeting, they were informed that a 
general meeting would take place in April, in London, of the represen- 
tatives of the several districts of the Coal Trade in the kingdom. That 
meeting, he begged to inform them, had been held a fortnight ago, at 
which Mr. T. J. Taylor and himself were present The subject of the 
establishment of the Mining College having been brought before the 
meeting, every gentlemen present was convinced of the great necessity 
which existed for the establishing of such a Mining College for the educa- 
tion of mining engineers and others entrusted with the management of 
Coal Mines. There certainly existed some difference of opinion as to 
Vol. III. — JuLY^ 1866. 
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where the College should he estahlished, some contending for the Hid. 
land Counties^ and others in South WaleS; where mining operations were 
extensive, and where it was suggested the College waold he yalnable as 
a means of instruction to persons engaged in both the Coal and Iron- 
stone Mines ; after some discussion, however, the situation of Newcastle- 
upon-Tyne appeared so obviously superior to any other, that it was ulti- 
mately agreed that Newcastle-^on-Tyne was the most suitable place for 
such College, as it was admitted that there were &cilities and advantages 
all around that district which no other part of the kingdom possessed : 
as, in the Newcastle district, independently of the mines being more nu- 
merous, their greater depth and, consequently, greater difficulties of 
management, presented opportunities for instruction to the pupils of the 
College which no other district in the kingdom possessed. This point 
having been settled, another subject of discussion arose relative to the 
propriety of establishing Local Schools in connection with the College ; 
after much discussion it was finally determined that this question would 
be more properly left for future consideration after it was seen how the 
College progressed in Newcastle. In the course of the proceedings it 
appeared evident to every one that unless the intended College was 
of a first-rate character, both in respect to its management, and also with 
regard to the Professors, it would not succeed. It was also further 
represented that as the object was most important, and would compre- 
hend the education of a most numerous class of Mining Managers, it 
was necessary to have the College established on a broad, comprehensive, 
and sound practical basis. And though there was no doubt that in the 
progress of time Local Schools would unquestionably be introduced, still 
they should be subservient to the College, and be in the nature of pre- 
paratory schools and feeders to it. Having stated thus much of the pro- 
ceedings of the meeting in London, it only remained for him to inform 
them that a resolution was passed at that meeting approving of the 
Mining College, and of its great utility and importance relative to 
the future management of the coal mines in this country, and appoint- 
ing a committee to further its establishment. So far as the tone and 
feeling of the meeting in London went, he might say that, as a first 
meeting on the subject, it was highly encouraging; and that it was 
represented by deputations from almost every mining district in Eng- 
land, Wales, and Scotland, every one of whom expressed their desire 
to render every support to the project. Before separating, the meeting 
was informed that so soon as the mode of carrying out the project was 
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agreed upoH; a communication to that effect would be transmitted to all 
the districts. The proper course for the Council of the Institute to pursue, 
would probably be, in conjunction with the committee appointed in London, 
and with other persons and bodies in the district, desirous of promoting the 
establishment of the College; to draw up some plan for carrying into 
effect the entire scheme, and to lay the result before a special meeting of 
the Institute. In the meantime, he should be glad to hear the obserra- 
tions of any member touching tbb best mode of establishing the College 
in question. 

Mr. Dunn enquired if an Act of Parliament could be obtained to en- 
force the payment of so much per ton on coals for the support of the 
College ? 

The President replied that such a mode had been hinted at, but it 
would require serious discussion before such a scheme could be proposed. 

Mr. Dunn said, only to raise a certain amount. A small tax would ba 
sufficient, because he thought it would not do to leave it to Yoluntary 
contributions. 

The President : What they required was, first of all, a sufficient 
sum to erect the building. They had laid before them a beautiful 
drawing of a building for the purpose, and the first step was to raise 
sufficient funds to erect the building ; and then, he presumed, the requisite 
funds for the payment of the salaries of the different Professors of the 
College, and other current expences, would be provided by annual sub- 
scriptions and by the charges made to the pupils. 

Mr. Dunn : Yes, but if the principle of so much per ton were ad- 
mitted, they would at once succeed. 

The President — ^The principle, however, had not been generally 
assented to, as there were other interests to be consulted, viz., the manu- 
facturing as well as the coal trade. He also thought that the Govern- 
ment ought to promote the object by givii^ a grant of money towards 
the establishment, and he hoped towards the support of such a College. 

The Mayor of Newcastle begged to observe that at the last meeting 
of the Town Council, a report was presented fi*om the Committee of 
Schools and Charities, from which it appeared that a sum of £750 per 
Annum was at the disposal of the Council for the purposes of education, 
but that sum would ultimately reach £5000. Now, he could not say 
whether or not aoy part of that money could be applied to the purposes of 
the Mining College ; but he must state that the report of the Committee 
recommended the division of the £750 in a certain way without any 
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Dodoeoftlie College at alL AfefrniembenoffheGoiiiieO^ 
8«lf, aid, thatalthoiigli the 100007 m qnestioii ovgbttobe etrietlj a^ilied 
to the puip oee s direeted by the Gharitj, jet they thooght the Gomica 
m^t take a mote ertansm fiew of tiie matter^ as in point of &ot dieie 
were nmy iaslitBlkiis entaMi«hed. fcr the porpoMB of edacatioiiy wUeh 
certaia daam of 9odmj l eqa ir ed, Imt which being loo erpeumve, wero 
not widim their giaqk Sodi daaees, he ihoim;faty were entitled to afleis- 
tance oat of Ae find ia qmrtiwi Uhimatel j the report was referred 
bad: to dtt Owiwitlee for findier ddibetatian, and on being presented 
the second tinw^ he pbdged hiwsfilf to propose aresohrtion in fctonr cf 
the proposed OoUega of WniagBBgineen. He was awars tihat die pro- 
posed College was intended prine^alfy fcr As Coal Trade, and wh3e lis 
was wilfing fcr it to be so^ jel he trasisd tibat in additiaQ to liie cnlti- 
Tation of those seiences so esssniial to MiBing Engineers, others wonld 
i>e tangh^ Inrtedtng geology, dwniistiy, wsthmnitifls, meteorology^ and 
other branches of phikeqphy, with tiie olgeet of adTandng the edneatioB 
of gendeasenwhoee fifes were deroted to the mannfiictaring interests of 
the eoontry. Hmj most rsmember diat there were many impcurtant 

branches of indnstry in r^ard to whioh ooal itself was bat the raw material, 
and he tiwrrfxe tmsted that the CoU^;e wonld be establnhed on soeh a 
broad basis as would indode the great and important interests he had 
atlttded to. With respect to the propriety of incorporating the Mining 
CoU^ with any other, for the purpose of embracing the entire kingdom^ 
that, he thought, was a matter for future consideration, yet, as an inhabi- 
tant of that town, and one who had great confidence in the liberality of 
his fellow citizens, he might venture to say that if it was determined to 
to fix upon Newcastle as the site of the CoU^, they might, if they 
could not obtain extraneous and proper help, find the means within 
themselves. This he considered quite possible when they looked at the 
great number of coal and lead mines in the district, t(^ther with 
the iron and chemical works : for it was almost impossible to produce 
another district in the kingdom where all those branches of trade were 
90 much concentrated, and where a College, such as was projected, might 
b# 90 easily supported. Besides, he trusted that the Corporation of that 
%yw% which was bound to watch over and foster suoh great interests, 
w<wU come forward ¥nth that aid which the importance of the subject 

iiMned. 
"^ PmenOBNT said that he agreed with everything that had fallen 

^HH^ HlQfor relative to the importance of the subject to the district 
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generally; and be felt confident that there were ample reeouroes within 
it to establish and support the proposed College. He b^ged| however^ 
in reply to the Mayor^ to say that it had always been the intention of the 
Council of the Institate to recommend, that the system of edncation 
should be suitable for all the di&rent branches of Tnannfiu?tnring interests, 
that it should not be exclusively devoted to the mining interest, but that 
it should include the education of pupils connected with all the important 
trades alluded to. These principles he stated were already set forth in the 
printed prospectus of the intended College, and while he felt confident as 
to resources being obtained for its support in the district, yet they still 
looked towards extending education in other parts of the kingdom. As 
to the nature of the edncation to be given, this, as well as other details, 
will hereafter be brought under the consideration of those gentlemen en- 
trusted with its establishment ; but in the meantime he trusted that the 
Mayor, as well as other influential gentlemen of Newcastle, including all 
connected with the manu&cturing and chemical interests would render 
their support in conjunction with those belonging to mining operations 
of the district, to ensure the establishment of such a College as would do 
honour to the district and ccmfer benefit on foture generations. When 
an these important and varied interests were brought together, that 
would be the most suitabletime to go into the details of the course of edu- 
cation. In conclusion,he submitted for theirconsideration, that the Council 
should be instructed to draw up a statement to lay before the general 
meeting in August, with a view to bring the subject specially befcnre the 
Institute, in order that some plan might be devised as to the best course 
to pursue to ensure success. 

Mr. Dunk still was of opinion that they ought to adopt a sort ci 
tonnage both upon coal and iron, according to their relative value. If 
some general principle of tiiat sort was adqpted, they could not foil to 
succeed. 

The President doubted tiiat it was practicable to do this at presoit. 
What they required at first was to raise a sufficient sum for the building, 
and next endeavour to obtain from the interests alluded to an adequate 
annual subscription fat its support He was of opinion, however, that if 
the College was once foirly established, it would, to a very great extent, 
be self-supporting. 

The Mayor had no doubt but that it would be self-supporting. For 
instance the College in Edinburgh, with its 600 pupils, was self-supporting. 

The President— A subscription of between £30,000 and £40,000 
towards the erection of the building would at once set tibem a-going ; 
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and then afterwards they might get annual contributions from gentlemeii 
connected with the coal and other trades to support the College for a few 
jears; until they ascertained whether it was self-supporting or not. 

Mr. BoTB thought an application to Goyemment for a sum of money 
towards the building would not be out of place, especially when they 
knew that the Edinburgh College was much beholden to the support of 
Government. A sum of money> it was well known, was voted by Par- 
liament in support of that College. 

The Mayor — Before applying to Parliament, they ought at least to 
raise among themselves between £10,000 or £20,000, as that would be 
a strong argument in their favour. 

The President. — ^The Institution in Jermyn Street^ London, which 
has been established for mining education has received support from 
government, not only towards its erection, but towards the salaries of 
the professors attached to it. If, therefore, the govenunent subscribed 
to that institution, surely it could not refuse its support to so national 
a project as the College in question. He thought it a disgrace to the 
country that there was no such institution in it, especially when they 
considered the immense importance of the mining interests in this kingdom. 

The Mayor believed that it was proposed to receive young men into 
the College of a certain class, but he trusted they would not predode 
any whose businesses were dissimilar to mining, &c. : for instance, he 
should send his sons to the College to finish their education after leaving 
school. 

The President said there could be no objection to such an arrange- 
ment. The Local Schools already alluded to, if established, might adopt 
such a course of education as would prepare the pupils for the College, 
and they would thus act as feeders. 

Mr. Boyd observed, that in the Durham University there was a second- 
rate course of education which was not charged high, while the pupils 
were all eligible to the regular course of lectures. 

The President, in conclusion, begged to submit the following reso- 
lution for the adoption of the meeting : — 

** That the Council be instructed to cooperate with the Cknnmittee appointed in 
London, and with other persons and bodies in the district desirous of promoting' the 
establishment of the proposed College, and to take such other steps as may appear to 
them best calculated to further its establishment" 

Mr. Dunn having seconded the motion, it was put and carried 
unanimously. 
The meeting then broke up. 
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XHTITLID 



"THEORY 



OP THB 



"VENTILATION OF MINES." 



BY T. J. TAYLOR. 



The subject matter of the foregoing paper is of so extended a character^ 
that, if dealt with in detail, a comment upon it would branch out into 
numerous and laborious objects of investigation. The Notes I have 
made are, therefore, either explanatory, or intended to illustrate the practical 
bearings of various portions of the Memoir. I have also stated where I 
differ from the Author in some cases ; but after a careful perusal of his 
paper, I cannot help expressing mj opinion, notwithstanding those differ- 
ences, that it is a completer Precis of what is known on the intricate 
topics of which it treats, than any other I have yet seen ; and that, 
without great pretensions to originality, it will, at all events, form an 
excellent basis for those experimental researches of which the subject so 
largely admits. 

CHAPTER I.— No. 2- 

Some experiments, to show the effects of local changes of temperature^ 
were tried, under my direction, in Backworth pit, with the following 
results : 
Temperature at the upper station, 41 fathoms from surface, . . 55*8° F. 

Ditto at the lower station, 01 fathoms below the upper, 65*0^ F. 

Vol, III.— July, 1855. » 2 
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Adopting the usual law of the increasing density of air in descending-, 
we find that the density at the upper to that at the lower station is as 
100,000 to 102,1183 ^^^) consequently, the relative volumes for the same 

weight are cat. par. as 100,000 to S??? = 97930. 

The expansion due to the difference of temperature is as (459 -f 55*8 =) 
514 8 : (459 -f 65 = ) 524 :: 97930 : 99680 volumes; so that the 
air at the extreme deep is still heavier than at the extreme rise, notwith- 
standing the difference of temperature. 

But another consideration remains, that of the hygrometric condition 
of the air at each station ; in this experiment hoth very nearly approached 
saturation ; and the enlargement of volume at 65^ was, therefore, greater 
than at 55*8. 

The elastic force of watery vapour at 55 '8° is •458 

at 65° is -616 
(Per Dalton's Table). 
Now, supposing the barometer at the upper station to be 30 inches, it 
would be at the lower station (30 x 1-02118 = ) 30*64 nearly. 
Therefore, the enlargement of volume at the upper station would be 

100,000 X ^^ 30"^^^ =) 101^27; and at the lower station 

99680 X (^5:^+^==) 101684. 

The final result is, that, notwithstanding the difference of 91 fathoms 
of level, yet, when all circumstances are taken into account, the density 
is, in this expenment, less at the lower station than at the vpper one. 
The difference is indeed trilling, but sufficient to establish the fact. 

We are not to conclude that there was a more than normal temperature 
at the lower station ; both observations were made at levels much below 
the plane of invariable heat, and the difference between the two stations 
is nearly 9J° for 91 fathoms, being 57^ feet to a degree; which is less 
than the usual rate of increase. 

The necessity is tlius perceived of entering upon a wide field of obser- 
vation and experiment in the collection of the data required to form an 
accuiate and comprehensive Theory of Mine Ventilation. And this line 
of proceeding is the more imperative, because the ventilating forces 
em|)i()yed are in themselves veiy trifling, seldom exceeding three or 
four inches of water column, and are, therefore, so much the more 
easily influenced by the variable circumstances of different mines, or even 
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of the same mine. In point of fact, the problem of the motion of air- 
currents presents itself to mining engineers in a more complex foi«m than 
to others. We shall see moi*e of this in the sequel. 

CHAPTER l.—Nos. 3 and 4. 

The rule that the velocity is equal to that of a body falling through 
the height of the fluid; is applicable to the velocity in the vena contracta. 
In the orifice the velocity is much less. 

In an experiment from Rouse's Table we have the velocity of a wind 
put at 47*66 per second ; and the pressure on a square foot equal to 
5-137 fl)s., but the height of column due to this velocity is ( 8>/47-66 =) 
35*4 feet; the pressure of which is only 27 Sbs ;, so that nearly double 
the height due to the velocity is required to give the pressure. In an 
experiment of Girard'S; the velocity of air issuing from a gasometer of 
sheet iron l-13th of an inch thick; under 1-33 inch of water == 90 feet 
of air (1*33 x 812) 55*2 feet per second. NoW; the height due to this 
velocity is 47*7 feet, or about the half the entire column. 

CHAPTER l.—Nos. 5, 6, 7, and 8. 

Another condition should in strictness be added; that of the density of 
the propelled fluid. 
The pressure (or resistance) is directly : — 

1. — As the surface; that is as the perimeter x length. 
2. — As the square of the velocity. 

3. — ^As the denssity; which is not; however; included by the Author. 
The resistance is also inversely as the area ; that iS; as the number of 
particles amongst which the aggregate resist|||ice is distributed. 

And thus the resistance arising from the motion of air or gas in any 
channel is determinable by the expression; 

Length x perimeter x velocity squared x density 

area. 

CHAPTER l.—No. 10. 

There is some obscurity in this which can, perhaps, be explained away. 
The absolute amount of pressure is not; in fact; equal for all gases, but 
is, cat. parilnis, greater for the gas of greater density. 
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The experimeDts of Girard^ here alluded to, give the same constant oi 
pressure^ but in this case the motive agent is represented in gas of the 
same density with that which is propelled ^ so that the gas of least 
density requires also the least pressure. 

For example, the expression l^sj . ^ gives the velocity in cast iron 

pipes from Girard's experiments, where JTis the pressure-column, A the 
area, L the length, and P the perimeter; but in this case ^is always 
in the denomination of the gas itself; if we retain H in air column 

then the expression becomes 74>/ ^ •d\ ' where > is the density of the 
gas, that of air being 1. 

CHAPTER \.—No. 11. 

The resistance diminishes as the density diminishes, and x%ce versa. 
When the barometer falls, the ventilating column is lessened in weight, 
but the resistance in the mine is also lessened. 

The volume of air in circulation is therefore, (considered per se), the 
same ; but being in some degree lighter, its efficiency as a ventilating 
agent is not so great as before, while the issue of gas from the mine is 
greater, and i-eplaces a part of the air-current. In the course of my 
own experiments, I have found the volume of aii- greatly reduced by very 
high winds, not by variations of barometric pressure. 

CHAPTER l.—No. 13. 

Effect of Bends. — Bends or angles at a distance from the point of 
greatest pressure have a less effect than those nearer to it ; and if the 
bends are so made as to oinise an elevation in the general level of the 
main, their effect may be, as I shall afterwards explain, not merely nily 
but actually favourable to an increased cmTent. Daubuisson's and 
Peclet's apparent results may be probaby accounted for on these grounds. 
Clegg (g;as-lighting) tried some experiments of this kind with the follow- 
ing results: — 

Differenc*. 

A 2-inch pipe, perfectly horizontal, and 30 feet long, delivered 

2898 cubic feet of gas — 

with a semicircular bend, at 15 feet, it delivered 

2754 cubic foet of gas ..\^ 
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Diifertnc*. 

A S-inch pipe^ with a qiiadi^antal bend, it delivered 2834 cubic 

feet of gas . . • ^ 

with a rectangular bend, it delivered 2824 

cubic feet of gas -^ 

He observes that ^' two semicircular bends make twice the difference ; 
three bends make thrice the difference ; that a semicircular and a rectan- 
gular bend form an obstruction equal to the sum of the two, or -ji^ -f ^, 
and this seems to be the same imder all variations of circumstances." 

But it is clear that in a larger channel the effect of bends is much 
diminished: for example, supposing the velocities and other circum- 
stances to be the same, with a variation only in the diameter of the pipe, 
and if the smaller pipe be 2 inches and the larger 8 inches in diameter, 

then the relative positions are, as 2 representing the perimeters _ .5 ^ 

4 representmg the area 

8 representing the perimeter tok i.- i • i r -li. rxi. r 

— ^ s_ £^ = -ISO, which IS only a fourth of the former, 

64 representmg the area •' 

and as the quantity in the large pipe is 16 times greater, it is found (if 
we adopt this view) that the effect of a rectangular bend in a 6 inch pipe 

is, that of subtracting (^ of ^ of tV) =-0753 of the volume which would 

have passed through a straight horizontal pipe. 

We may therefore conclude, thus far, that the effect of bends in large 
air channels, such as those of mines, is not material. On the contrary, it 
is easy to conceive that at very high velocities, such as those generated 
by pit explosions, the effect of bends must be very great. 

END OF CHAPTER II. 

The resistance of fluids in motion is, in fact, a term of so great import- 
ance, that in extended channels the conseiTation of force to which the 
final velocity is due is comparatively insignificant. In a mine, the height 
of whose ventilating column is 144 feet, the theoretical velocity is 
(8 >/ 144 = ) 96 feet per second, whereas the actual mean velocity may 
not exceed 4 feet per second ; but the height due to 4 feet in a second is 
only *25 feet of column, being the l-576th part of the actual column 
employed in this particular example. 

CHAPTER III.— iVb. 17. 

In reference to the question of the " gravitation of the air in the 
descending and ascending parts of the mine," see further on. 
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CHAPTER III.— iVi?. 19. 

The resistance is due to the expansion L P V^i. (See ante, p. 349.) 

CHAPTER III.— No. 21. 

The investigation of the motion and resistance of horizontal currents is 
not; however, sufficient to meet the whole question. 

CHAPTER III.— JT^. 24u— Ventilating Column. 

We have no analysis of such admixtures of air, gases, watery vapour, 
&c., as occur in mines, and in the upcast shafts of mines, and can only, 
therefore, approximate to their actual constitution. The following re- 
marks may, at all events, help to show the extent and nature of the 
alterations in question, and whether they can be neglected without ma- 
terial error, as directly affecting the ventilating column. We are to 
consider : — 

1. The alteration caused by changes of temperature and of hygro- 

metric condition in the volume and density of the air. 

2. The effect of extraneous products upon the return current, whether 

those products be derived from the gases of the mine or from 
respiration. 

3. The effects of the products of combustion, when a part of the 

return air is decomposed by passing over a furnace. 

4. The effect, which I shall here regard as a special one, of intro- 

ducing steam into a shaft. 
In following out the investigation I shall take an actual case, where 
the mean temperature of the upcast shaft was 105° Fahr., the quantity 
of ail* which entered the downcast pit was 30,312 cubic feet per minute, 
and the quantity of coals consumed by the underground furnace was 
3*11 lbs. per minute.* 

* lu tlie calculations which follow, I Imve not introduced the mean temperature of 
the downcast uir, as an element ; the object being simply to make certain terms of 
comparison between uir at 32*^ eutering* a mine, and the same air issuing*, as modified 
by the complex circumstances to which it has been subjected in passing througfh the 
mine and the upcast shaft. 

I have adhered to the rate of expansion stated by Gay-Lussac, namely, the ,^ part 
for each degree ol Falirenhelt above 32°, the calculations having been made previously 
to Regnault's more recent investig-ations, establishing ,(,, or rather ^p^^, as a more 
accurate measure of expansion above 32® Fh. = ,Jb from Fahrenheit's zero. The 
relative results are not altered bv the difference between the two. 
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Now^ if no other alteration were to take place in the entering air ex- 
cepting that due to expansion by heat^ we could very easily determine 
the relative volumes at S2'' and at lOd"" to be 30,312 and 34,922 respec- 
tively, and the relative densities to be as 1 to *8680. 

But the other influencing circumstances, of which mention has been 
made, must also be considered ; and first, as to changes in the hygro- 
metric state of the air. 

The temperature of the air at the surface was 32^ ; the wet bulb of 
Mason's hygrometer was 31 J^; the atmosphere was, therefore, very 
nearly saturated with vapour. In the air current of the mine, before it 
passed over the furnace, both thermometera stood at 63^, again showing 
a saturated state of the atmosphere. And here occur the two first terms 
of our enquiry. 

The expansion of air by the difference of temperature from 32^ to 53°, 
being 21*^, allowing 1-480 part of expansion for each degree above 32°, 
is 9s 480 to (480 -f 21=) 501, or as 1,000,000 to 1,048,750, and mul- 
tiply by 30,313, we have the enlarged volume of air at 53°, equal to 
31,648. 

Then for the expansion by moisture at 53° compared with 32°, the 
volumes being as the sums of the elasticities of air and vapour respec- 
tively, we have. 

Inches. 

Elasticity of vapour at 32° 0-200 

Standard height of barometer 30* 

30-200 

And Elasticity of vapour at 53° 0*415 

Standard height, as oefore 30* 

30*415 

Ratios of volume 30*200 to 30*415, or 1,000,000 to 1,007,119, which, 
multiplied by 31,638 gives 31,863 as the resulting volume when cor- 
rected for the temperature and hygrometric state of the mine. 

A spontaneous ventilation is capable of being excited by a difference 
merely in the hygrometiic states of the entering and issuing air currents, 
such difference amounting sometimes to one equivalent to that which 
would be produced by several degrees of temperature ; if dry air entered 
a mine at a certain temperature, and issued even at the same temperature, 
but saturated, the issuing volume would be a good deal h'ght^ than the 
entering one. 
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We may next consider the product of respiration. A man produces 
very nearly a cubic foot of carbonic acid gas in an hour^ and to form the 
carbonic acid abstracts the same volume of oxygen from the atmosphere. 
And if we assume for the example taken^ that 800 persons are employed, 
an extra number being computed to allow for horses^ candles, and lamps, 
then the carbonic acid produced by them is only 800 cubic feet in an 
hour, or 5 cubic feet per minute, representing 26 feet of atmospheric air, 
viz : — 

Cubic FecL 

Carbonic acid gas replacing the oxygen, 6 

Nitrogen, 20 

26 



(Also vapour from the lungs 6 grains per minute, from each man ; 
insensible transpiration from the lungs 20 grains per minute, from each 
man 3 in all 26 grains per minute = 4} fi)s. troy, in 24 hours, but these 
products are too small to afiPect the general result.) 

As regards the gaseous products of the mine; in the absence of 
correct information we must take them at something which may be 
r^arded as an extreme, and with this object in view, I shall assume that 
an addition of ^ part is made to the volume already found, by the light 
carburetted hydrogen that issues in the mine. I need scarcely remark 
that this proportion very greatly exceeds what is generally met with, 
but the result is, in some measure, qualified by the circumstance that, if 
on one side the volume and consequent velocity be increased, the density 
is on the other diminished. 

As regards the product of combustion. Supposing 1 ft. of coal to 
require 2^^^fts. of oxygen for combustion, then 8'11 fts., of coal will 
require 8*09 fts. of oxygen. Some theory enters into the consideration 
of the products of the combustion of coal, but allowing the oxygen of 
the coal to form watery vapour with a portion of its hydrogen ; and the 
nitrogen of the coal to form ammonia with another portion of hydrogen ; 
the sulphur of the pyrites to leave in the shape of sulphuretted hydrogen, 
we shall then have the following products of combustion by weight: — 

Watery vapour, 1*46 fts. 

Ammonia, 0*07 „ 

Sulphuretted hydrogen, 0*04 „ 

Carbonic acid, 9*64 „ 

11*20 fts. 



(Coal, 30 

Oxygen, 8-09 

11-20) 

The first three ingredients are too minute in quantity appreciably to 
effect the result, and I shall, therefore, leave them unnoticed. The 
carbonic acid represents a volume which, at the temperature of the mine, 
would be 95 cubic feet. 

We can now classify the several ingredients as follows : — nendty. 

Air entering the mine, 80,812 . . 1,000 

The same for expansion to the temperatiu*e of the mine 

more, 1,326 

The same for the difference between the hygrometric 

state of the mine, and that of the atmosphere, more, 225 

31,863 

Deduct air of respiration, . 25 

Do. air required for combustion, 476 

501 

31,362 .. -970 

Add light carburetted hydrogen, which appears to be 
always mixed with other g^es, as olefiant gBS and 
nitrogen ; specific gravity say 0*600, .... peiuitj. 784 

Add carbonic acid gas from respiration, 5 . . 1-548 

Do. from combustion, 95 . . 1*548 

100 

Add nitrogen from respiration, .... 20 • . -986 

Do. from combustion, 881 . . *980 

401 

82,647 



In cases of ordinary combustion, a quantity of combustible matter 
escapes without being burned, a part of it appearing in the shape of 
smoke or soot. The carbonaceous particles which thus escape, however, 
easily float in air, owing to their minute division, and if converted into 
invisible carbonic acid by union with oxygen, act more in retardation of 
the current. By assuming them to be converted into carbonic acid gas 
(as in the calculation), a greater allowance is really therefore made than 
is due to them in an uncompounded state. In fact, the whole quantity 
Vol. hi. — ^July, 1855. a a a 
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of coal consumed is only 3*11 9>s. per minute^ and assaming 2| lbs. to 
consist of carbon^ and one-half of this to escape combustion^ the quantity 
so escaping combustion becomes 1 J ft. per minute. 

Now, we shall see immediately that the aggregate quantity of air and 
other gases passing thiough the upcast shaft is 36;035 cubic feet, and 
that the common density of the mass is *8724. 

The weight of a cubic foot of such mixed gases^ at this density, is 
-0706 lbs., therefore the weight of 36,035 cubic feet is 2544 fts- It is, 
therefore, manifest that the unconsumed carbon, being on the data 
assumed less than the ^^jVt^ P^^ ^^ ^^^ weight of the entire volume can 
have no appreciable effect on the calculation. 

We have next to calculate the densities, assuming that of the entering- 
air to be 1. The rest are corrected to 53^. 

Tolumes. 

31,362 Air in mine at -970, 30,421 

784 Carburetted hydrogen at -600, 470-4 

100 Carbonic acid at 1-648, 154-8 

401 Nitrogen at -986, 395-4 

32,647 31,441-6 

. • 

Mean density 5^^ = -9630 

Expansion of volume 32,647 from 63° to 105°. 

480 -f 21 = 501 

480 + 73 = 653 

As 501 : 563 :: 32,647 : 36,035. 

Ultimate mean density in shaft '9630 x rrrr7r-r^ = '8724. 

-^ 3(3,035 

The results are therefore : — 

Volume of air entering the mine, 30*312 

Volume of air and mixed gases in the upcast shaft, 36 035 

Density of air entering the mine, 1- 

Density of air and mixed gases at mean temperature of upcast, 0*8724 

Relative velocities of cold and heated volumes, supposing them to move 

36 035 
in channels of same sectional area, 1 to * ■ = 1*18880. 

Relative squares of same velocities, 1 to 1*4132. 

And the density being 1 to '8724, and all other circumstances alike, the 
relative resistance is as 1 to (-8724 x 1*4132 =) 1*2329. 
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Ify with a view to those mines which yield carhonic acid gas^ and not 
fii'e-damp; we assume the fire-damp to be replaced^ in the example^ by 
784 volumes of the former^ which is a larger aggregate quantity (l-40th) 
than we may expect to meet with in practice, then the statement in page 
356 will stand as follows : — 

Volumet. 

31,362 of air in mines at -970 density 30,421 

784 carbonic acid at 1-545 1,214 

100 do, as before 154-8 

401 nitrogen 395-4 

32,647 32,185-2 

Meandensity ^[g-2 ^ .gg^ 

Expansion from 53*^ to 105°, as before, 82,647 to 36,035. 
Ultimate mean density in shaft -9858 x 3^ = -8981. 

The relative resistances are, therefore, in this case, as 1 to ('8931 x 
1-4132=) 1-2621. 

We have thus seen how the ventilating column is affected by the 
gaseous products of the mine and of combustion, namely, 

W«ight of Weight of 

Downeaat UpcMt DMTerence. 

Column. Colamn. 

1. Pure air 10,000 8680 1320 

2. Altered air, with carburetted hydrogen 10,000. . . .8724 1276 

3. Altered air, with carbonic acid 10,000 8931 1069 

The numbers in the second column are the densities, as already found. 
If, then, the motive column in the case of pure air be 132 feet, it is 

reduced in the second case to 127*6 feet, and in the third to 106*9 feet ; 
and the velocities or quantities will be, ^d^L par,, as the square roote of 
those numbers, viz. : — 

V 132 = 11-5 or 100. 
s/ 127-6 = 11*30 or 98-3. 

V 106-9 = 10-34 or 90*0. 

In other words, where mines with furnace ventilation yield carburetted 

hydrogen gas, the result due to the uncorrected ventilating column must 

ng.g 
be multiplied by -jTrrri and where carbonic acid gas is the principal 

90 
gaseous product of the mine, then that result must be multiplied by .--g 
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The question of the proper relative size of downcast and upcast shafts 
is capable of being illustrated from the foregoing* considerations, limiting 
our investigations for the present to the postulate, that the resistances of the 
two shafts shall be equal, one of them being for this purpose varied in 
sizey if found requisite to do so. I shall assume that the shafts are of 
equal depth : if otherwise, the expression for length can easily be intro- 
duced : and that the diameter of the downcast shaft is 10 feet ; we are 
then to determine the proper diameter of the upcast as deduced from the 
data already furnished. 

We have seen that in the first case put the relative resistances in the 
two shafts are as 1 to 1*2329 : and to equalize this resistance, which is 
the object of investigation, we are to increase the size in the upcast in a 
certain definite proportion. But this proportion is not a simple oney 
having reference to the numbers given. On the contrary, it is clear that 
if the diameter of the upcast be increased, then the other conditions of 
resistance are affected at the same time. The area for example, augments 
as the square of the diameter ; the velocity diminishes in a similar ratio ; 
and the resistance, again, diminishes as the square of the velocity. On 
the other side, an increased diameter enlarges the surface of contact ; so 
that by arranging the whole of these terms, we ultimately arrive at the 
following equation, expressing the ratio, namely : — 



5 



-^ = ^ = i?* to Zy 

And the ratios of the diameters thus become 

Asl : 1-2329 :: (2>* =) 100,000 : (Z>'»=) 123290 
Where D and ly are the respective diameters. 

Then for i/ ly the log. of 123290 is 6-0909279 -j- 5 = 1-0181856, the 
natiural number of which is 10*426 feet, which is the proper relative 
diameter of the upcast; equal to 10 ft. 5 in. ; that of the downcast being 
10 feet. 
Summary of comparative results : — 







Diameter. 
Feet. In«. 


Area. 
8q. Feet. 


Velocity of Current, 
Feot per Second. 


Downcast . 




10 


... 


. . . 78-54 . 


6-43 


Upcast . . . 


ipcast 


10 


5 . . . 


• • . ot)*o7 . 


7035 


Increase in i 





5 


6-83 


•605 



In the foregoing investigation, it is clear that we may substitute the 
squares of the volumes, for the volumes x squai-es of velocities : since 
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the velocities and volumes increase, ceteris paribus, in the same ratio. 
Then we have : — 

Velodtj. Denaity. 

Square of 30,812 x 1 = 918,817,344. 

Square of 38,035 x -8724 = 1,132,829,916. 

Proportional resistance 1 to 1-233 nearly as before. 
Or if j' be the volume in the downcast assumed to be 1. 
d the density in the downcast also &sumed to be 1. 
q' the ratio of the volume in the upcast. 
d the ratio of the density in the upcast. 

Then the ratios of the diameters should be as 1 to 4^ '^—-j ihnt^d 

q*a ' ' 

is = 1 : therefore the ratios are as 1 to 4/(^* rf') : or as 1 to the 

natural number of ^^*/ 

5 

It has been argued that upcast shafts should be made of a section 
much larger at the bottom than at the top ; and the cone of a glasshouse, 
or the still more disproportionate structure of a dome, have been adduced 
as types of a more scientific form of shaft than the one we are in the 
habit of employing. We are now enabled to test the value of this prin- 
ciple by applying to it the foregoing formula. 

Supposing the current of the same shaft which has furnished the ex- 
ample to have a temperature at the bottom of 160^ F., which is 55^ 
higher than its mean temperature, then the question is, what ought to 
be its diameter at the bottom, to equalize, as before, the resistances of 
the two shafts as regards this particular point of comparison. 

We have seen that the air entering the downcast, expanded in the 
mine from 30,313 volumes to 32,647 volumes, and that its density under 
these circumstances was *9630. 

Then for the expansion from 53° to 160° : — 

480 480 

21 128 



501 608 



As 501 : 608 :: 32,647 : 39,619 volume in upcast. 
Ratio of volumes 80,212 to 39,619, 1 to 1*30704. 

•9630 X ~g^ = -7935 density in upcast. 

Then g* d' = l-307» x 7985 = 1708 x 7935 = 1-3553. 
The liOg. of which is -1310354 -f- 5 = -0262071 whose natural 
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number is 10*622 = 10 feet 7J inches, the required size of upcast shaft, 
bein^ an increase of 7 J inches only in the diameter of the downcast.* 

We shall now put the special case of a large admixture of steam with 
the current of the upcast. 

Supposing the entering air to be in this case 60;000 cubic feet per 
minute, and the temperature to be 14S^, then the volume of air and 
mixed gases before passing over the fires will be 64,622, and the mean 
density *9630 on the data already given. 

But as the temperature in the upcast is higher, the expaDsion will be 

proportionably greater, viz. :— 

480 480 

21 117 

As : :: 64622 : 77,004 

501 697 

Whence we have the mean density in shaft 

= -9630 X 1^^ = -8081 

4 steam boilers consuming coals at the rate of 3 tons per day each, 
require 18§&)s. of coal per minute, and supposing 79)s. of water to be 
evaporated by each pound of coal, this gives 130§9)s. of steam per 
minute, equal to 914,666§ grains of steam per minute, and this dis- 
tributed amongst 77,004 cubic feet per minute of air volume in the shaft 
gives 11*87 grains to a cubic foot. 

By Dalton's Table we find that this quantity is computed to saturate a 
cubic foot (not at 149° but) at 82°. 

Therefore the enlargement of volume by the admixture of the steam 
is as follows : — 

Elasticity of vapour at 53° 0*415 

Standard 80* 

30-415 

Elasticity of vapour at 82° 1-07 

Standard 30* 

31-07 



* The upcast should, therefore, in the case put, be practically, a uniform cyUnder 
of about 10 feet 6 inches in diameter, the diameter of the downcast beings 10 feet. 

I do not here attempt to exhaust the subject of the proper relative size of downcast 
and upcast shafts ; in reality, the sectional area of an upcast shaft has, in furnace 
ventilation, a material influence upon its temperature, that is, upon its power ; Its 
resistance is, therefore, only one part of the question. 
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Then as 30-415 : 31-07 : : 77004 : 78,662 

And the ultimate mean density is, ^ .oaq-i 77,004 _ ,70-1^ 
(allowing for expansion of vapour) 3 78,662 

It thus appears that the increased volume in the upcast, occasioned by 
the discharged steam, is no more than about the -^ part, a difference not 
practically appreciable, especially when it is considered that the small 
increase of velocity, and, consequently, of resistance thus arising is met 
partly by the diminished density due to the same cause. 

It is evident from the foregoing considerations that the steam does not 
condense in the upcast, because there is not enough of it to saturate the 
volume of air with which it is mixed. 

And as the steam retains its state of vapour, its latent heat is not 
given out during its passage through the shaft.* 

li the air at 149^ had been saturated with vapour, then the volume 
and density would have been as follows : — 

Elasticity at 53^ 0-415 

Standard 30- 

30-415 

Elasticity at 149^ 7*23 

Standard 30- 

37-23 

As 30-415 : 37-23 : : 77,004 : 94,258. 
Density allowing for expansion by 

Vapour -8081 x ^j^ = '6602 

But to saturate a cubic foot of air at 149^ requires 45*7 grains of 
vapour : therefore, 4 times the number of steam boilers would have been 
required for saturation. 

CHAPTER III.— No. 25. 

In estimating the pressure required to generate the final velocity, that 
velocity must not be regaixled as the one existent at the top of the upcast 

* The same quantity (by weight) of vapour, conlaius the some quantity of heat, 
whatever be the temperature of the vapour. 
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shaft; but as a mean velocity dae to the passage of the air through an 
aggregate of channelSy of which the upcast and downcast shafts are por- 
tions. The issue iat the mouth of the upcast shaft is due to the momen- 
tum of tihe entire column; if reduced in area at the top the velocity 
would he increased; and we should then appeu*; on the principle advanced 
by the author; to have a greater residuum of force, whereas it is obvious 
that there would really be a less one, quoad the additional resistance 
created by such contraction. I have closed 2-3rds of the area of an up- 
cast shaft at the top; in the middle; and near the bottom (by means of a 
cradle); without causing a sensible difference in the quantity of air cir- 
culating in the mine; in this casC; therefore; the velocity of issue at the 
top of the shaft would be trebled; yet the force establishing that velocity 
was obviously not greater; but manifestly less than with the uncontracted 
shaft; for the reason above given. * 

AgaiO; supposing the upcast shaft to he, not contracted; but enlarged; 
such enlargement would cause a diminution of the velocity of issue; and 
Would; therefore; according to the author's vieW; exhibit a less residuum 
of force generating the velocity. Yet it is evident that no such diminu- 
tion has occurred; but; on the contrary; an increase of the remainder 
force; owing to the reduced resistance due to the lower velocity. 

The ventilating column of Hetton Colliery; in the case cited; is 900 x 

^^ = 300 feet of air at 211^. The velocity in the upcast shaft I 

make; by calculation, 32 feet per second, and the column due to this ve- 
locity is 16 feet; or in cold air the height of column is 13*6 feet, as given. 
But the mean velocity, which ought to be the basis of calculation, is; 
(though not given) probably no more than 4 or 5 feet per second ; and 
if the last of those numbers, then the height of column due to it is '39 
foot, which, instead of the l-16th part of the ventilating pressure, is no 
more than the 1 •677th part of it. 

Similar remarks are applicable to Tyne Main and Haswell examples. 
In the case of Tyne Main there is not l-8th; but really less than l-500th 
of the ventilating power employed in generating the ultimate velocity, 

CHAPTER lY,—]Vo6. 30 and 31. 
Here, again, we feel the want of experiments, enabling us to fix with 

• III the case cited, the velocity of the upcast current, in the full sectional area of 
the shaft, was not more than 13 feet per second. 
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preeiflion the laws of the lowering of temperature in upcast shafts. There 
is a tendency to establish a minimnm temperature iu the upper portions 
of those shafts^ which it will be very difficult to blend with a general 
law applicable to their entire development. The cause of this tendency 
resides in the circumstance, that a heat which is not of itself consider- 
able, compared with the usual atmospheric temperature, when oommimi- 
cated to the waUs or sides of the shafts, is retained by those walls -, and 
the temperature of the air-current, being influenced by it, does not, 
therefore, ^^m^iittt^ to diminish, on reaching this part of the shaft, accord- 
ing to the same law which prevails elsewhere. In some cases I have 
found very little variation in the temperature of the upper 40 or 60 
fathoms of the air-current in upcast shafts. 

CHAPTER lY.— Page 110. 

It is not requbite to have the dimensions of the upcast shaft given to 

ascertain the horse's power exercised in furnace ventilation : the height 

of ventilating column, the quantity of air discharged, and the weight of 

a cubic foot of air, aro alone required for this purpose. For example, 

the height of column in the Haswell case is 154*5 feet, the quantity of 

air is 04,900 cubic feet per minute, and the weight of a cubic foot of air 

at 62^ is -0767 lbs. 

^, 94,900 X -0767 x 154-5 ^..^^ , 

Then, — 330OO " power. 

CHAPTER Vf.—Page 112. 

The question between ftunace and engine ventilation requires much 
further research. The simplicity of the fiimace, and its constancy of 
operation, are greatly in its favour ; but its mechanical results are not re- 
latively advantageous, and it is probaUe that^ if the method of spUtting 
the air had not been introduced, we should long ago have been obliged 
to supersede the furnace by mechanical agents of ventilation. I shall 
here make a comparison between the useful results of furnace and me- 
chanical ventilation. The case taken is <me from my own notes — that of 
Seghill Colliery, where there was not an underground steam engine, as 
in the case of Haswell, and where the result, as an example of fiimace 
ventilation, is above the average relatively with the fuel consumed ; the 
quantity of air being 42,708 cubic feet per minute, the coals consumed 
Vol. Ill,— July, 1855. b b b 
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470 lbs. per minute^ the mean temperature of the npcast 123^, and the 
rentilating' column 65*3 feet, equal to almost exactly 5 lbs. on a square 
foot The horse power is, therefore, 

42708 X 5 __ g .- 
33,000 ^^^' 

Now, allowing, as the author has done, 12 lbs. of coal per honr per 

horse power, (which is too much,) we have ^ = 1'294 lbs. of 

coal per minute, due to the useful effect, which is in this case, therefore, 

1*294 
only = 27*5 per cent, of the gross power in operation. 

I am informed, by Mr. Samuel Dobson, of Treeforest, Glamorganshire, 
that a Struv^'s Ventilating Machine, at the Middle Duffiryn Colliery, 
did its work very well ; and that the aggregate quantity of air, as found 
by experiment, in circulation through the mine channels, was quite equal 
to 5-6ths of the calculated quantity due to the nuu;hine, as deduced firom 
the area of the cylinders and the number of strokes in a given time. It 
further appears, that the pressure required to open the Talyes of the 
machine was equal to 5-20ths of an inch of water, or 1*28 lbs. on a square 
foot. * Considering, then, this machine to be applied undei* circumstances 
similar to those of the furnace already calculated, we have, 

f 42,708 X (5 4- 1'28 =) 6>28 _ 321,850 _ g.^g horsepower- 
33,000 3p00 ~^^ Horsepower, 

and — — ^ = 1'95 lbs. of coal per minute, instead of 470, the 

furnace consumption. 

1 .004. 

Then, V^ = 66-3 per cent, of useful effect. 
1-95 

This inferior result with the furnace, as compared vnth the steam ven- 
tilating machine, is not perhaps difficult to bo accounted for. Viewing 
the upcast shaft as a machine, the energy of which depends upon the 
temperature of the contained air, it is clear that the structure of the shaft 
is unfavourable to tlie conservation of that temperature, on account of 

• This machine is the largest of the kind which ha^j yet been erected — it has two 
20-fcet cylinders, and a double action; stroke may be made 4, 6, or 8 feet. With one 
cylinder at work it was driven twelve strokes per minute, G-feet stroke. The estimated 
duty iri, in this case, 45,200 cubic feet per minute, and the quantity actually in circu- 
lation in the mine was ;ii^,000 to .■VJ,000 cubic foct per minute. With two cylinders 
and S}j strokes, the estimated (juiuitity is 1,000 cubic feet; the actual quantity was 
55,000 to 5G,000 cubic feet. 
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the distance of its upper portions from the heating agency, and the ab- 
sence of any means or appliance to maintain the original heat. It thus 
happens that the useful effect is governed more by what takes place in 
the shaft than by the original quantity of heat produced. 

To augment the quantity of air multiplies the disadvantages of the 
furnace. Supposing that it were wished to double the quantity, we 
should then require eight times the fuel, or, in the case cited, 37*6 lbs. 
per minute, all other circumstances being the same. With machinery 
we should also require eight times the power, because the double velocity 
takes four times the power, and the moving power would also itself have 
to increase its velocity to twice the former rate; but this octuple ratio is 
attained at an expense of (1*95 x 8 =) 15*6 lbs., so that the comparison 
would stand as follows : — 

Volume of Air. Faal, with Furnace. Fuel, with Machine. DiflbrraoeL 

ftft. lbs. lbs. 

1 4*7 1*95 2-75 

2 37*6 15*60 22-00 



Increase, lbs. per min. 329 13*65 

The furnace system has, in fact, been maintained by reducing the re- 
sistance; in other words, by carrying the splitting of the air to an extent 
of subdivision which, in some cases, can hardly be considered safe. 

CHAPITER V. 

Some years ago, Mr. J. Taylor made, at my request, upwards of one 
hundred observations at Haswell Colliery of the quantities of air circu- 
lating in the several splits {tlien eleven in number), with the areas and velo- 
cities at each point of observation. At that period the total quantity of 
nir was 65,641 cubic feet; the mean temperature of the upcast was 109° ; 
the ventilating column was 103*7 feet; the pressure 8162 lbs. on a 
square foot, of which 4*92 lbs. were employed in ventilating the mine, 
and 3*24 lbs. in ovei*coming the resistance of the shaflts. 

Subsequently the quantity of air was increased to 94,900 cubic feet 
per minute ; the ventilating column being 154*5 feet : the pressure on a 
squai'e foot 11*90 lbs., of which 2*94 lbs. was employed in ventilating 
the mine, and 8*96 lbs. in overcoming the resistance of the shafts, 
including that of the short channels between the shafts and shaft doors. 

The resistance of the mine channels was, therefore, less with the largor 
quantity of air than with the smaller one ; the reason of which was, that 
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ia the interim the number of splHs had been increased from 11 to 18. 

But the resistance in the shafts had, as a consequence of the increased 
volume of air, become much greater, and indeed absorbed not less than 
75J per cent, of the.entire motive column. It is right to remark, that 
the size of the upcast shaft had, in the meantime, been partially reduced 
by casing the tubbing. 

The enlargement of shafts, of which this result is at once suggestive, 
is not, however, to be regarded as a simple question. With an equal 
quantity of fuel, we cannot, cat, par., have the same temperature in a 
shaft of large area as in a smaller one, because the cooling power of the 

shaft depends greatly upon the expression-^ ; if, then, the advantage 

gained by diminishing the shaft resistance be not conunensnrate with the 
disadvantage of the loss of motive column, or the necessity of using a 
greater quantity of fuel to make good that loss, we may lose and not 
gain by increasing the size of an upcast shaft ; it follows, therefore, that 
there is a maximum size of shaft, having relation to the development of 
the mine channels, beyond which we should find the quantity of air per 
lb. of coal diminishing and not increasing. These remarks apply to fur- 
nace ventilation only ; where machinery is employed, it is obvious that 
the larger the size of the shafts the greater is the useful result. 

From the Haswell experiments, above referred to, I deduced the fol- 
lowing theorem : — 

F= 51 11 V ^ 

Wliere V is the velocity in feet per second. 

// the heig-ht of ventilating column in air at G0°. 

A the area or cross- sec tion of air channel (or suras of the areas 

of the several channels). 
L tlie length of channel. 

P the perimeter of channel (or sums of the perimeters of tlie 
several channels.) 

(Dimensions in feet.) 
A theorem, from experiments by Mr. George Greenwell, at Crook 
Bank Colliery, differed from the foregoing. It was, 

r = 38-33 V ^ 

Peclet's theorem for brick chimneys, when reduced to the same terms, is> 

V = 3G01 ^ ^ 
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CHAPTER VI,— iVi. 58. 

VentUatian of Deep and Rue Workings. 

I found, in some experiments on this subject at Earsdon Colliery, that 
when the deep-way was shut off, the loss of air was nearly one-half (46 
per cent.) of the entire volume in circulation; with both rise and deep-way 
open; but when the contrary course was adopted — ^that of shutting off 
the rise-way, and keeping the deep-way open — the loss was only l-6th 
(17 per cent) of the entire volume in question. The air-channels in each 
way were very similar, both in length and in other respects; the inclina- 
tion in the deep workings (towards the 90 fathom dike) averaged 1 in 6 ; 
in the rise-workings it was much less, being about 1 in 13. 

The greater comparative facility with which deep workings are venti- 
lated, is not, it is submitted, to be accounted for on a principle of ffram- 
tatian. Setting aside considerations of temperature, variation, and other 
extraneous conditions, the weight of column beloro the level of the upcast 
is balanced by its return column up to that leveL In the opposite case, 
if an ascending colunm of air be regarded as reacting against the venti- 
lating power, its corresponding return column operates in favour of that 
power, and again neutralises the action. The barometric pressure doubt- 
less alters with every step in an asdending or descending direction \ but 
the mean result of all the heights in the ingate is equal to the mean 
result of all the heights in the return, coneidered with a view to graviia- 
tion alone. 

There is another circumstance in which, I apprehend, a solution of the 
matter will be found to reside. 

If a barometer be carried from the bottom of a downcast shaft, upon 
the same plane, through the ingate and return air-courses, it will be 
found constantly to Jail in receding from the downcast and approaching 
the upcast The difference in height represents, in fact, the pressure 
employed or absorbed in ventilating the mine from the bottom of the 
downcast to the point of observation, whether the latter be at the upcast 
shaft, or at any intermediate part of the air-course.* 

* Of course a water-gnage gives a iimilar result. I have made use of shaft doors 
and also of io-bye doors to determine the differences of pressure, allowing^ for the 
friction of the doors, ss determined by experiment. A veil-constructed door is, in fact, 
a pressure-guage, vhose sccuracy is proportional to its area : an error, if any exist in 
the experiment, bein^ of relatively minor consequence when spread over so Itarge a 
surface. 
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We have in this case supposed the barometer to be carried upon a water 
level line : but it is obvious that the same cause and its corresponding 
effect are in operation on ascending and descending planes, though the 
variations of the barometer due to simple differences of level render it in 
the latter cases less easy of detection. 

The result then, is, that the entering air (starting from the bottom of 
the downcast) is in n state of greater compression than the issuing air ; 
and as a direct conclusion, that the air in the ingates is, owing to the 
cause assigned, and all other circumstances being alike, heavier or denser 
than the air in the returns. 

The consequences of this difference may be more clearly appreciated 
by supposing the return column to consist of a gas a little lighter 
than atmospheric air, or of a mixture of atmospheric air, and sub-oar« 
buretted hydrogen gas: and we shall then perceive that the lighter 
column ascends from the deep workings upon the same principle, in 
fact, that Ught or rarefied air ascends a shaft : but in the rise work- 
ings the operation is reversed : the lighter column if the return is to 
he forced downwards, and these cause a loss of motive column equal to 
the mechanical effort required for this pui'pose. It will be observed 
that in carrying out the comparison the result is doubly in favor of deep 
workings ; for a positive addition is made to the power by which they 
are ventilated by the cause under consideration ; while by the same cause 
an abstraction is made from the power ventilating the rise workings. 
The difference, therefore, is not measured by a simple expression (n) but 
^y ('^ + ^') where n is the ascensional force assisting the return of the 
deep air, and n' that retarding the return of the rise air. 

I regret to differ from the author in my explication of this curious 
subject. Much stress is laid b}' him upon the supposed insignificance of 
the forces thus brought into operation ; but those forces are in reality far 
from being insignificant, relatively with the ventilating powers employed, 
which is of course the only correct standard of comparison. 

For example : supposing the ventilating column to be equal to 4 inches 
of water, of which 1 inch is employed in occasioning the resistance of the 
upcast ', then at a medium distance from the downcast we shall have a 
residual pressure of 2 J inches, and the mean compression operating upon 

the entering air is — ct-^ = 3] inches ; while the mean compression 

operating upon the return air is ^^^ — = Ivo inch. The difference 
between the two is TCO of an incli. 



369 

Now, it is true, that this inch-and-a-half of water column cannot affect 
more than about the -^ part of alteration in the density of the atmos- 
])here ; but it is not the density of the atmosphere which is the subject of 
comparison, the real question is, what proportion the little water column 
of 11 inch bears to the ventilating column of the mine; for just so 
much of that ventilating colunm must be employed in equalising tlie 
density, or in other words in forcing the return air down a descending 
plane ; while on an ascending plane the result is exactly the reverse.* 

The foregoing principles involve a yet undetermined point in mining — 
the proper situation of the ventilating shafts. If the air of workings to 
the deep of an upcast shaft be more easily conveyed to that shaft than 
air to the rise of it, then we are not in doubt as to the abstract principle 
which governs the right position of such a shaft. We might even go a 
step further, and a£Srm, that if the question were one of machinery 
employed in ventilating mines, then that machinery (for exhausting the 
air) ought to be placed at the extreme rise. But furnace ventilation is 
of a more complicated character, because an element of the ventilating 
column is depth of shaft. I trust to be prepared, in a short time, to 
bring this subject at large before the Institute, and shall not, therefore, 
carry my present notes further, especially as they have already extended 
much beyond my original intention. 

* The case put is, of course, only for iUustratioxi.] 



371 



NORTH OF ENGLAND INSTITUTE 



OP 



MINING ENGINEERS. 



ANNIVERSARY MEETING, THURSDAY, AUGUST 2, 1855. 



Nicholas Wood, Esq., Presidbnt of the Institute, in the Chair. 



llie Secretary having read the minutes of the last meeting, 

The President, after the proceedings of the Council had been read, 
briefly called attention to the recommendation of the Council as to the 
propriety of the members of the Institute giving their [Support to the 
intended Museum at the Coal Ei^change, London. The Council recom- 
mended that mineral specimens, and other objects of interest, should be 
forwarded to the Coal Trade office for transmission to London. 

Several new members were then proposed for election at the next 
monthly meeting; and one gentleman, viz., Mr. Benjamin Plummer, 
was duly elected a member. 

The President said, that he had just received a letter from Mr. 
Matthias Dunn, in which that gentleman presented to the Institute his 
two works on the History of the Coal Trade, and a Treatise on the 
Mining and Working of Coal. He (the President) begged, in aolmow- 
ledging Mr. Dimn's gift, to moye a vote of thanks to that gentleman. 

The motion, on being put, was carried unanimously. 

The President next called attention to the propriety of the Institu- 
tion being furnished with all the JReports published of the Inspectors of 
Mines. 

Mr. Dunn said, that there were three separate Reports published. If 
Vol. III."— August, 1855. c c c 
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they passed a resolution, it might be forwarded to Sir George Grej^ and 
perhaps thej had better ask for more than one copy of each Report. 

Mr. Hugh TatloR; Chairman of the Goal Trade, thought the Reports 
of considerable interest to the Coal Trade ; and suggested that as many 
copies as could, should be obtained, with the object of diffusing the in- 
formation they contained to all connected with the trade. 

The President then submitted the following resolution on the sub- 
ject: — "That application be made to Sir George Grey, Secretary of 
State for the Home Department, requesting him to favour the North of 
England Institute of Mining Engineers with copies of the Reports of the 
several Inspectors of Mines, from the period of their appointment under 
the act/' wUch, being put to the meeting, was carried unanimously. 

The President then referred to Mr. Atkinson's paper, and suggested 
that, as the original paper, together with the abstract, and correction of 
some errors would be printed in this year's volume of Transactions; 
ho thought it would be desirable to print Mr. Taylor's observations 
likewise, in order that the whole might be discussed together. The 
whole subject being thus placed before them, they might then fix a day 
for the discussion of it. 

Mr. Atkinson thought that would be the best way, as members 
would have an opportunity of considering any doubtful or disputed points. 

Mr. T. J. Taylor said, that if the meeting consented, he would put 
his remarks forthwith into the printer's hands. 

After a few words from Mr. Boyd, approving of such a course, Mr. 
Taylor's remarks on Mr. Atkinson's Paper, entitled " Observations on 
the Theory of the Ventilation of Mines," was, after some discussion, 
ordered to be printed with the volume of the Institute's proceedings for 
the present year. 

Mr. T. J. Taylor then read a paper, entitled an Account of 
the Performance of a Ventilating Machine,* on Struv6's Principle, at 
Middle Duffryn Colliery, North Wales, by Mr. Samuel Dobson. 

At the termination of the reading of this paper a brief discussion en- 
sued, which ended in several questions having been agreed to be sub- 
mitted for Mr. Dobson's consideration, for the purpose of throwing some 
light upon a few unexplained points in the paper, and it was arranged 
that the paper should be brought before the Institute at their next 
meeting. 

* See Volume lY. 
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The Secrbtart then read the Finance Committee's Report^ and 
Mr. T. J. Taylor read the General Report of the Institution for 
the past year. 

Mr. Taylor then drew the attention of the meeting to that part of 
the Report haying reference to the Fossil Flora Collection of Mr. Hutton^ 
comprising the specimens used in getting up the Fossil Flora Puhlication 
of Messrs. Lindley and Hutton ; and, in doing so, observed that the 
collection in question was at present in Newcastle, and in the hands 
of a pnvate individual who was willing to dispose of them. The gentle- 
man, however, had been in treaty with some parties without success, but 
at present there was an application from the Coal Exchange, London, 
and a bargain was likely to be struck for them. He, for one, -thought it 
desirable to retain them in that part of the country, as they unquestion- 
ably were the best collection of the kind ever made connected with their 
own coal fields, and would serve to illustrate standard works on the 
subject. At the last meeting of the Council the subject was fully 
discussed, and every one present thought it desirable to seciure the col- 
lection, if it could be obtained at a moderate cost, and consistent with 
the rules of the Institute. There were several hundreds of specimens, 
which, it was stated, would cost £140, the whole being witliin ten or 
twelve cases, which would cost other £20, making altogether the sum of 
£160. He knew that some doubt at first existed as to whether the 
fimds could be applied for such a purpose, but after examining the rules 
the Council could not perceive that it would be improper to do so, es- 
pecially as rule 10 set forth generally that the funds were placed at the 
discretion of the Council to dispose of. Under these circumstances the 
Council resolved to leave the matter for the general meetiug to decide, as 
to whether the collection should be purchased or not 7 At one period it 
was in contemplation to purchase them by the contributions of individuals, 
with the ultimate view of presenting them to the Institute, but after all 
it was considered a better course to make the purchase at once, provided 
the terms could be arranged. 

The President thought it would be a great pity to let the specimens 
go out of the district, especially as they were looking forward to the 
establishing of a Mining College, in which case the collection would be 
extremely valuable. 

Mr. Hugh Taylor fiilly coincided with the propriety of obtaining 
the collection in question; but before the Institute could purchase, the 
first thing to be decided was, had they power to apply the funds to such 



-" .--v 



374 

an object. If they thought they had, then they could not do better 
than at once close a bargain for the collection^ which was iuTalnable. 
It was well known that Mr. Button was one of the first geologists of 
that county; and, in his opinion, the collection might legitimately be 
termed a ^^ stone book ! " 

After a few observations from Mr. Elliot and Mr. Botd in favour 
of the motion, the following resolution was proposed and agreed to :— * 

'' Besolved — That a purchase he made of the Fossils of the coal Ibnuation used in 
Ulustrating' the Fossil Flora of Messrs. lindley and Hutton, proTided the Council ap- 
prove of it on inspection of the Fossils, and can procure the same at a sum not exceed- 
ing* £140, exclusive of the cost of the cases containing them/* 

Mr. Matthias Dunn said, he had then great pleasure to propose a 
resolution, which, he felt confident, would be unanimously adopted ; it 
was, " That a vote of thanks be given to the President and Vice-Presidents 
and other Officers of the Institute, for the able manner in which they had 
conducted the affairs of the Institute during the past year.'' 

Mr. Hugh Taylor having seconded the motion, it was carried by 
acclamation. 

Some conversation next ensued relative to the propriety of changing 
the hours of assembling at the respective monthly meetings, many mem- 
bers expressing it as their opinion that it would be better to alter them. 
Ultimately the following motion was made and agreed to on the subject : 

'* ilesolved — That in future the meetings of the Council, preparatory to the General 
Meeting", shall be held at 12 oVlock, and the General Meetings at 1 o'clock on the re- 
spective days of meeting, instead of 1 and 2 o'clock respectively as heretofore." 

A vote oi* thanks was also passed to Edward Boyd, Esq., and other 
members of the Finance Committee, for the able manner in wliich they 
Lad conducted the financial business of the Institute. 

The meetirig aftei'\Nards broke up, when the members present, together 
with several other gentlemen, dined together at the Queen's Head Hotel 
in honour of the third anniversary of the Institute. 



NEWCASTLE .UI>ON-TYNE: PRINTED BY ANDREW REID, 40, PILGRIM STREET. 



AN ABSTRACT OP THE ALPHABETICAL LIST 

OF PITS IX MIt T. Y. HALL'S PAPER • 

ON TUB 

GREAT NORTHERN COAL FIELD, 

SHEWING THE 

NUMBER OF COLLIERIES TO BE ABOUT 136, 

NUMBER OF FIRMS TO BE ABOUT 90, 

NUMBER OF PITS FOR SEA SALE TO BE ABOUT 200, 

VOR 8H1PM1:N'T at the under-mentioned POUTS IN DURHAM AND NORTHUMDKR- 

LAND, VIZ :— NEWCASTLE, SHIELDS, SUNDERLAND, SEAHAM, MIDDLESBRO*. 

COWPEN OR SEATON SLUICE, BLYTH, AND AMBLE NEAR WARK WORTH. 

1854. 



H lioiiM'huM; S Kleum ; ;;nii; C coke; CO coke and pan; CH coke and househoI<! ; HO lioii^!>li'i) < 

niid gti»; HOC houachoM, Ras, and colvo. 



LADY R A. VANE LONDONDERRY. 



NAMES OF PITS. 



1 Antrim Adelaide^ Lady A. V . L. 

2 Alexandrina, Ljidy Vane L. 
10 Brooinside, Lady Vane L. 

113 Lady Sealiam Pit, Lady V. L. 

122 Meadows, Lady Vane L. 

128 Old Durham, Lady Vane L. 

134 Penslier, Lad}' Vane L. 

135 Pittington, Lady Vane L. 

140 Rainton Pit«, Lady Vane 

141 Resolution Pit, Lady Vane 
143 Sealiam, Lady Vane L. 



NAMES COALS SELL DY. 

Stewart's W.E H 

Eden Main 11 

PensherW.E H 

Stewart's Steam S 

Seabam W.E If 

Old Ducks 11 

Nut Coals, Benn Coals, Small Couls 



EARL OF 

11 Bmss-side, Earl of Durham 
90 Hougliton-le-Spring", Earl of 
Durham 
100 Little Tuwn, Earl of Durham 
111 Ladv Durham Pit, Eail of D. 
12G Newbottle, Etirl of Durham 

145 Sherburn, Earl of Durham 

146 Sherburn House, Eorl of D. 
1-49 Shadforth, Earl of Durham 



DURHAM. 

LambtonW.E H 

Lambton's Primrose 11 

Frankland W.E H 

Steam Boat Hartley S 

Little Town W.E H 

Newbottle H 

Ditto S 

NutCoalS; Bean Coals, Small Coals 



Vol IIL 



^See VoIuDM II. 
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IIEITON COAL COMPANY, 
flox. A. Cochrane and Partners. 



NA!ffKS OF PIT9. 

01 Enpleton Hetton Pits 
()2 Elemore Hetton Pits 
100 Hetton Lyon's Pits 



NAMES COALS SELL BT. 

Hetton W.E H 

Hetton Lyons S 

Hetton West Hartley H 

Nut Coals, Bean Do., Small Do. 



NORTH HETTON COMPANY. 

Earl of Durham and several of Hetton Owners, Viz : — 
Messrs. Wood, Philipson, Burrell, & Others. 



60 Dumvell, North Hetton 

80 Grange Low, Do. 

97 Hetton North, Hazard Pit 
120 Mooi-slev, North Hetton 
142 Seaton, 'Hetton 

82 Grange Kepier 



RusseirsW.E H 

Ditto Lyon's H 

Nut^, Beans, Small 

Seaton, W.E H 

Ke|)ier Grange, W.E H 



SOUTH HETTON COMPANY. 
Forster, Walker, Burrell, Green & Co. 



90 Hetton South Pits 
119 Miirton Pits, South Hetton 
144 South Hetton Kelloe Pits, 
M. Foi*ster, P. Forster, 
Burrell, and Green 
102 Trimdoii Grange, J. Forster, 
M.P., South Helton 



South Hetton W.E H 

Braddyll's W.E H 

Richmond Mayne H 

Trundon Grange, W.E H 

Nuts, Beans, Small 



HASWELL COAL COMPANY. 
Messrs. Clark, Taylors, Plummkr, Lambs, Maude, Laws, & Bell. 



101 llaswell Pits, Do. Co. 
147 Sliottoii Grange, Ilaswell 

Com])any 
HYhoj)e Now Pits, commenced 

sinkinjT 



Richmond Main H 

Haswell W.E II 

Pluramer's W.E II 

Shotton W.E H 

Easingto^i W.E II 

Shotton U.S H 

Nut;', Beans, Small 



MESSRS. BELL AND PARTNERS. 



12 Belmont, Boll, Backhouse, & 

Co. 
50 LamLton's D. Pits, resumed, 

H. Stobart, Bell, Crawford, 

ct Co. 

00 Tlairaton, Stobart, Bell & Co. 
no Lnmley, Stobart, Bell & Co. 

01 llough-hall, Bell, Backhouse, 

and Davison 



Belmont W.E H 

Nut coals, Bean do.. Small do. 
Luraley W.E II 



Han'aton S 

West Belmont H 

Lumley W.E H 

148 Shincliffe, Bell, Backhouse, | Belmont W.E H 

and Davison 
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MESSRS. BELL AND PARTNERS, Continued. 



NAMES OP PITS. 

150 South Moor, Bell and Co. 
165 Shield Row, Bell and Co. 

181 Washington, Bell and others 

121 Monkwearmouth Pits," Bell & 
oihei's 



NAMES COALS SELL bV. 

Bell's Primrose G 

Harrison's W.E H 

Eton do H 

Washington W.E G 

Do. U.S G 

Bell's W.E H 

Weannouth W.E H 



JOHN BOWES AND CO. 
Messrs. Bowes, Hutt, Wood, and Chs. M. Palmer. 



113 Marlev Hill Pits, J. B & Co. 
46 Crookhank, J. Bowes and Co. 
25 Bninopfioltl, Do. 
58 Dipton, Do. 

133 Pontop, J. Bowes and Co. 
77 Greencroft, J. Bowes & Co. 
7 Andrew's Ho^ise, J. Bowes & 
Co. 
127 Norwood Old Pit, J. Bowes 
and Co. 
Shipcote, J. B. and Co. 

103 Kibblcswortli, J. Bowes and 

Co. 
11 G Mount Moor, J. B. and Co. 

150 Spring well, J. B. and Co. 

104 Killingworth, Do. 

151 Seaton Burn, J. B. and Co. 
57 Delight Pit, Do. 

130 Peareth Old Pit, J. B. & Co. 



Marley Hill C 

Clavering's Tanfield C 

Wood's Garesfield C 

— Sinking to another Seam 
Original Windsor's Pontop . CG 

— Not working: laid in 
New Tanfield CG 

Norwood C 

Shipcote CH 

Ravensworth Pelaw CH 

Mount Moor H 

Peareth • H 

Whamcliffe Wail'send .' .' .' .' ! .' .' .' 11 

Killingworth Do H 

Ravensworth West Ilaitley .. H 



13 Black Boy, or Tees W.E., N. 
Wood 
Coundon, T. W. E., N. W. 
108 Leasingthonie, T. W. E , N. 

Wood 
195 Westerton, T. W. E., Nich. 
Wood 



NICHOLAS WOOD. 

Tees W.E H 

Tees Hartley — Splint H 



Coundon W\E. 
Leasinirthome W.E. 



• • • . 



•n 



•«.*•.•. 



H 
H 



Bishop's Tees H 



W. BLACKETT, N. WOOD, ANDERSON, AND PHILIJ'SON. 
87 Harton, St. Hilda and Jarrow | Harton, St. Hilda, Jairow .... H 

THORNLEY COAL COMPANY. 

Thomas Wood, Gully, Chaytors, Burrell. 

" ~ " Ludworth W.E II 

Thornlev HG 

Ditto . " CG 



107 Ludworth, Thomley Co. 
174 Tliornley Coal Company's 

103 Trinuion, Thos. Wood, Gully, \ Harvey CG 

and Burrell = Trimdon W.E H 
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NAMRfl COALS SELL BY. 

Adelaide W.E 



JOS. PEASE, JOSEPH WHITWEL PEASE. & JOS. PEASE & CO. 

NAMES OP PITS. 

4 Adelaide Sliildon, J. Pease 
59 Deanery, J. Pease 
24 Bowden Close, J. W. Pease 
09 Eldon, J. and II. Pease 
94 Iledley Hope, J. Pease 
102 Jobshill, J. Pease 

138 Roddymoor West Pits, J. P. 

139 Roddymoor East, Do. 
159 St. Helens, J. Pease 
191 Woodhouse Close, Sir diaries 

Maclean coals, wrought by 
Mr. Heckless for J. Pease 



Deanery W.E 

Bowden Close U.S. 

EldonW.E 

Iledley Hope U.S. 

Jobshill .• 

Pease's West W.E. 
Roddymoor East. . 
St. Helens W.E. .. 
Clavering's W.E.. . 
Woodhouse Close 



II 
H 
C 
H 
C 
C 
C 
C 
H 
H 
H 



EDWARD RICHARDSON & CO. 



5 Acorn Close or Charlaw, E. R. 

43 Cresswell, Anfield PL, E. R. 

54 Castle Pit, E. R. 

56 Denvent, E. R. 

70 Eden, E. R. 

117 Medomsley, E. Richardson 

154 Si)ital Tongues, E. R. 

123 Medomsley Old, J. Richardson 
Langley 



Acorn Close W.E 11 

Cresswell H 

Elm Park H 

Eden W.E H 

Medomsley H 

Spital Tongues H 

Old Medomsley • C 



31 Beamish, Joicey 
101 Stanley East, Joicey 
109 Twizell, Joicey 
105 Tanfield East, Joicey 
171 Tanfield Lea, Joicey 



170 Tanfield Moor, J. 
173 Tanfield South, J. 



JAMES JOICEY. 

Beamish South Moor Main . , II 

Beamish Unscreened H 

New Pelton Main C 

Old Tanfield C 

Bute's Unscreened Moor, Lady 
Windsor'sTanfield, Windsor's 

Pontop, Simpson's Pontop . . H 

Tanfield Moor, South Pontop . . C 

South Tanfield W.E C 

Ditto Unscreened C 



STELLA COAL COMPANY. 

Executors of the late J. Buddle — T. Y. Hall, Chas. & Addison 

PoTTEH, So M. W. Dunn. 



172 Townlev West, Stella Coal 

Co., Whitefiohl 
170 Townlev Stella Conl Company 

Frpcliold Pit 
170 Towiilry Gh'he Pit, Do. ; oil' 
177 Do. Eust, Emma Pit, Do. 



West Townlev W.E U & CG 

Ditto U.S., Whitefield C 

Stella W.E H ct CG 

Townley Globe C(i 

Stella Coal Co., W.E. . . H vt CG 
Small Coals 



M 



ROBSON AND JACKSON. 



NAMES OF PITS. 

17 JJinclioster and Newfield 

1?1 liver's Green 

{ii) IJowburn 

;ii) Cliirenie Iletton 

40 Crow trees 

48 Coxlioe, or Kelloe 

92 Ileuj^b Hall 

05 HettonWebt 

08 Ilunwick Pit 



03 Little Chilton, J. R., Mangi*. 



NAMES COALS SELL DV. 

Newfield 

Byer's Green W.E 

Ditto U.S 

Bowburn 

Cltirence Iletton W.E. . . . 
Crowtrees W.E. 



• * • * . 



• • • • • 



C 

c 
c 
c 

H 
II 
So. Kelloc, Coxboe Do. WE. II 

Heu^h Hall W.E II 

West Iletton W.E II 

Hartley W.E IIG 

Ditto U.S C 

Little Cbilton W.E H 



R. P. PHILIPSON. 



37 Cassop, Pbilipson 

38 Cas5op Moor, Philipson 



CassopW.E H 

St. Cutbbert's W.E II 



MESSRS. CARR AND PARTNERS. 



32 Bnrraton, Carr and Co. 

41 Cowpen, Can* and Co. 

83 ILirtlev, Can- and Co. 

153 Sejrbilf Pits, Carr and Co. 

72 Felling Pit, Can-, Potts, & Co. 



Biiniiton . . • . 

Cow'pen 

Felling U.S... 
Carr's Hartley 



SegbiU 



HG 
. S 
. G 
. S 
. S 



Earsdon, Messrs. Taylor 
88 Holywell Old Wt., Plummer, 
Taylors, Clark, and Lamb 
80 Ilolvwell New East, Do. 



Earsdon W.E. . 
Holywell West 



H 
II 



Holywell East H 



42 Cramlington East Pits, J. 

Lamb, Pott^i-s, and Co. 
152 Seaton Delaval, Lamb, Scott, 

Banies^ Burdon, and Co. 
1 83 Walbottle, J. Lamb, Potters, 



Jobling's Ti-ustees 



West Hartley . . . 
Seaton Delaval . 
Hasting's Hartley 

Walbottle 

Holywell 



.. S 
.. S 

.. s 
.. II 

IIGC 



167 Tyne Main, Ijosh and Co. 
73 Friar's Gocs(\ Do. 



Tyne Main 
Do 



G 
G 



74 Framuelljrate Moor, J. Bell 
and Hunter 

130 Oujton, Ilimt and Co. 
170 Uii'ttli, limit and Co. 



Fram well gate 



CH 



Ou^ton CG 

UrpethW.E CG 

Do. U.S CG 



132 iVltun Moor, Swaby and Co. 



r 4'iton ..••••.....■•.••.... v^xJ 

Do. U.S CG 
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CONSETT IRON COMPANY. 



NAMES OP PITS. 

44 Crook Hall, Consett I. Works 

61 Conside 

62 Conside Pits, Iron Co. 



NAMES GOALS SELL BY. 

Used for Iron Works. 
Do. Do. 

Do. Do. 



129 Oxclose, Elliott & Jonasshon 
178 Usworth, Elliott & Jonasshon 
125 Nettlesworth, E. and J. 



GEO. ELLIOTT, JONASSHON. 



OxcloseW.E HG 

Usworth W.E HCG 

Nettlesworth W.E HG 



45 Castle Eden Pit 



MESSRS. COOK AND CO. 

Castle Eden . . 
Do., Steam . . 



H 

S 



47 Crag;head, Hedley 
93 Homeside, Hedley 



MESSRS. HEDLEY'S. 



Crag;head HG 

Homeside H 



EXECUTORS OF MESSRS. BRANDLING. 



81 Gosforth 

55 Coxlodge, Bell and Brandhng 



Gosforth W.E H 

Brandling" Main H 

RiddeirsW.E H 

Coxlodo;e HG 



66 Edmondsley, Tyzick 



MR. TYZICK. 

Edmondsley W.E HG 



DALTOiN AiND CO. 
84 Heaton, Dalton and Co. [ Heaton W.B. 



HG 



MESSRS. EASTON AND CO. 

131 Oakwellgate, Easton and Co. 
85 Hebbnra, Do. 



Oakwellgato U.S. 
Hebbiim 



G 

G 



J. B.PEARSON AND CO. 



80 He worth, J. B. Pearson it Co. 



ITeworthU.S. . 
Dean's Primrose 



HG 
. H 



lOl) Kopier, Dixon Rnlpli 



Kepier W.E H 



COOKSON, CUTIIBEHTS, AND LIDDELL. 



114 Micklev, by davhole drift from 
surface, C, C: and L. 



118 Marshall Green, Skinne 



West Wylam W.E HC 

Mickley U.S IIC 



iSkinner C 



24 Netherton Pits, Birkiuslmw's 
Trustees 



Netherton S 



W. W. BURDON, W. BARKUS, JUiN., AND CO. 



8 Ei^liton Moor 
10 Broonihill, W. Barkus, Mur- 
ray, imd Burden 
Allerdenn, W. W. Burden 

8<) Blnck Prince Pit, Attwood 
100 'iliomley, Towlaw, A. and Co. 
108 Towlaw' L. S. Pits, Attwood 

71 Elm Park 



Eiohton Moor W;E IIG 

Broomhill S 

Allerdean II 



Coal mostlv consumed })y tlieir own 
Iron Works at Towlaw and 
other places 



r • »-\ 

:Vlll 
I- .1 



\AMKS OF PITS. 

184 Wvlam East, J. B. Blackett, 



NAMES COALS 8RLL UY. 

Wjlam HG 

Prudhoe Main G 



185 Waldridge, Sowerby <t Co. 



Waldridjre W.E G 

Ditto U.S G 



187 Wbitworth, R. & J. 



Whitworth W.E G 

Ditto U.S G 



190 Wit ton Park and Witton, 
Kirsip 



Witton Park C 



193 Whitwell, J. M. 0|jrdcn 



I Whitwell W.E HG 



193 Wingate Grange, Lord 
Ilowden 



Howdon W.E H 

Caradoc W.E H 



197 Walker, Lambert and Co. 



Walker W.E. . 
Pott's Primrose 



H 
H 



SOLD TO JOSEPH & JOHN HARRISON IN 1854. 
137 Radcliffe Pit | Radcliffe 



S 



160 Stanley East, Bum & Co. | East Stanley CG 



180 Wing-ate South, F. 



South Wingate 
Ditto 



HS 

. S 



STRAKER AND LOVE. 



19 Bitchburn South 
23 Brancepeth 
158 Willington or Sunny Brow 



Bitchburn C 

Brnncepeth G 

Willington C 



C) Auckland West, Bolckow & 
Vaughnn 
67 Etherlev New, B. & V. 
188 Wooditfeld 
194 Whitelee 



BOLCKOW AND VAUGHAN. 

West Auckland C 

Etherley New C 

Wood Field C 

White Lee C 

These mostly used for their own 
Iron works 



HENRY STOBART AND CO. 



20 Bitchburn North, H. Stobai-t 

and Co. 
6S Etherley, Old, H. Stobart 



North Bitchburn C 

Old Etherley C 



MARQUIS OF BUTE'S EXECUTORS. 
76 Gnresfield Co , Chopwell | Garesfield U.S. . . 



GC 



Vlll 



NAMES OP PITS. 

9 Asliing^ton, Harrison, Carr, 
and Co. 



XAMKS COALS 8RLL BY. 

Portland Hartley 



14 Backwortli, Waldie and Co. 
182 West Cramlin^ton Pits, 
Waldie and Co. 



Northumberland W.E II 

Backwortli H 

Buddie's West Hartley S 



DAVISON, EASTON, ANDERSON, STODART, BATES, AND 

HENDERSON. 
15 Bedlington Pits, D & Co. | Davison West Hartley S 



34 Bamngton Pits, Longrid<j^e 



Lone^idge's West Hartley . . . . S 
Begbie's Hartley S 



20 Burnopflat, Sowerby & Robt. 
Fletcher 



Burnopflat W.E HG 

Ditto U.S. HG 



28 Blaydon Bum, Joseph Cowen 



BlaydonBum CG 

Ditto U.S CG 



30 Blaydon Main, G. H. 
liamsay 



Blaydon Main CG 

Ditto, U.S G 



78 Evenwood, Armstrong 



Evenwood HG 

Gordon HG 



157 Sacriston, W. 11. Bell 



I Sacriston W. E H 



22 Bitchburn New, Muschamp | New Bitchbrnn C 



27 Bebside N. Pit, Lam])ert & Co. [ Bebside S 



18 Butterknowle Sc Copley Bent, 
Prattraan's Trustees 



Butterknowle C 

Copley Bent . . . ., G 



I 



115 Morpeth Banks Old Pit 
33 Burden Main, Hope, landsale | Burdon Main C 



79 Gordon West Old Pit 



I 



7o Fenbani Old Pit 



Fenham G 



G3 Elswick Old Pit 



Elswick G 



(J4 Elswick Low Do. 



Elswick Low G 



Walisend jut, resumed at 
this time by Losh, Wilson, 
Bell, Sz Co.— jN'ov. 1854 



Walisend C 



Tli(? iron ore districts alludeil to are three in number, \i/.. : — one in Weardule, ])ur- 
lium, one in Ridsdalo and Ilareshaw, in Xortliuniberland, and the tlard in Cleveland, on 
the coast, extends from west of Redear southward beyond lioticbrrry Toppinpf to Whitby, 
covired in many i)l:ic,> by a lar^-c common of fine peat turf. Ti.\> pent may hereulu-r 
hi coiue valuable for reducinj,^ the bulk and wei;?ht of the refuse etone from the iron ore, 
l)y roastinji', to double its per centa«re, so tliat it may be shipped and conveyed at one-lialf 
the cost to the Tyne and other places "where yuitable coal and furnaccri are found for 
Hmclting- nud nuuiufacturinir it. 



■ IXj 



RECAPITULATION 



OF 



COLLIERIES, FIRMS, PITS, AND WORKMEN; 

ALSO THEIR PRODUCTIONS. 



From the foregoing alphabetical list, also the list of pits, comprising' 
about 136; of the several large as also small collieries, it will oe seen 
that there are 192, or about 200 working pits, exclusive of landsale 
pits, which are considered of little account in this coal district. It is, 
Lowever, well known that 10 or 12 out of the 192 mentioned have been 
off work during' the past year : thej are, however, partly made up again 
by divided shafts, making double pits, such, for instance, as at Haswell, 
Hetton, South Iletton, Thornley, and others ; besides, we must add, 
instances of three or four new pits sinking, and which are about to com- 
mence working. The number may, therefore, at present be fairly esti- 
mated at 200*; but, as to the number of firms or lessees of collieries, 
these may be said to be less — say 80, deducting 10 o£P work, and these 
I could easily print in another list, without the names of the pits, but 
with the names of the collieries and the lessors, opposite eacn of the 
lessees, if the Council of this Institute deem such expeaient. The above 
may be considered to be generally correct, yet, after all, it is possible for 
some error to have crept in — ^it cannot, however, amount to anything 
sufficient to affect the calculation herein submitted. The following table 
(made up from that on page 20Gt) shows the number of underground men 
and boys employed in one pair of pits, or a shaft divided, so as to make 
two pits, viz. : — Haswell, wliich in itself vended 200,000 tons in one year, 
and one of the single pits, the Emma, belonging to the Stella Coal Com- 
pany, which vended 100,000 tons in one year. The statement, as under, 
will form a correct guide for the greater proportion of the remaining pits, 
and staff of underground hands : — 



Abstract of Staff 

brought from pagt; 

103. 


Hewers, 


Safety Staff. 


Off-hand 
Men. 


Putters 
& Hoys 


Total. 


lilen. Hoys. 


Haawell PiU 

EmmO| near Ryton.. 


210 
98 


GO 
19 


13 

8 


19 
9 


120 
45 


428 
170 




308 


79 


21 


28 


171 


C07 



* lucludlng ten or a dozen pits where feeders of salt water have bocu fouuil, also, the 
like number where pent up giises have been found in cavitios, and when tlione cavities 
are cut into, have, on account of the g^reat pressure they had been confined at, come uU' 
in ^rent force, then g'euerally tenned a blower, 

t The fig^ures in this and two followinsr Fagvs refer to Vol. II. 

Vol. III. b 



/' 



.w 

These totals show that the work of each hewer, Or cutter df coal, 
averages 1,000 tons annually, or dj tons per day, reckoning* 273 days 
for the year ; but if the safety-staff, off-hand men, and boys be included, 
the average will then be only 494 tons annually. This estimate, however, 
excludes the men and boys engaged at the bank, or the top of the pits. 
It may here be further observea, that although the greater portion of 
coal in the northern coal field is more tender in quality than in the 
district in which the two pits alladed to are situated, the calculation given 
may still be reUed upon. 

If these bases bo admitted, then we can easily estimate the grand 
total, as follows : — 

By referring to Chapters XIX and XX, pages 203 and 204, it will be 
seen that the total vena in the year 1863 was 13,333,000 tons, and if we 
assume, for argtmient's sake, that the same vend will take place in 1854, 
and calculating the pits as heretofore stated, then the entire ntunber of 
men and boys employed undei^ound will be 26,977, giving an average 
of 140 hands for each pit, with an average quantity of coal produced at 
them of about 70,000 tons. But it must be recollected that, although 
the average is 70,000 tons, yet some of the coUieries possess two, three, 
four, and even six pits, consequently, when we g^ve the collieries as a 
whole at 186, the average of each colliery will he 100,000 tons instead 
of 93,681 tons, and 58,000 tons for one pit, as previously stated in page 
102.* If, in addition, the working firms ai'e estimated at 80, as some are 
not in operation at present, then tne average of each firm will be about 
166,625 tons. But, assuming the working pits to be dispersed uniformly 
over the 750 square miles of the northern coal field, that would only 
average about 3^ square miles for each pit ; and, further, if those pits 
that are called landsale pits — as well as those others mentioned as being 
off work, but being resumed — would make the total 300, or more than 
the avei'age, they would only give 2 J square miles for each pit. The old 
pits will all be available to a certain extent hereafter ; and, as the 136 
collieries, or 200 pits, are fit out with engines and all other necessaiy 
appendages, they show a very encournging view of the coal district, only 
averaging 5 J square miles for each colliery. It cannot, therefore, in 
future be necessary to expend much capital in sinking more pits over this 
limited and circumscribea coal field. It will further be seen, by referring 
to pages 284 and 285, that twelve or sixteen of the largest of the present 
colliery owners hold in themselves one-third (or 200 square miles), leaving 
550 square miles, which is partly worked out already, and part may 
never be worked ; this will reduce the 750 square miles, and give an 
average for the remainder of the present collieries, viz. 120, of 3 j square 
miles for each colliery or firm. 



* When this low averapre woa taken into account the 27 landsale pits were included. 
By reference to Chttpt4?r XX, pajfes 204 and 205, it will be seen that the Lancashire, 
Cheshire, and North Wales coal district requires 030 pita and day levels, with 31,050 
underj^^round workmen, to produce 0,023,000 tons yearly, making' an averag'e of ttxch 
pit per day of 30 tons, or 10,558 tons yearly with 34 men — on on averagfe each pro- 
ducing* 311 tons, which leaves 1 l-7th to each collier per day. Scotland employs 
22,250 men and hoys for 7,250,000 tons — equal to 340 tons for eacli underground hand 
yearly. Lancasliire (ind Scotland coal principally used for liome consumption. 



tlio totnt niimbpr of woihmcn nt iLis timp, 1?04, mny he. divUleA 
thus : — 



J or 3-Gtlis. .13,500 IiewcTf, nvt-raging 1000 tons rranunllj'. 

, P I \ 3,300 safetv-stnff men. 

i 1,400 boys'beloiisinfi to the safety -stafF. 

1 /. o /*,i S 1,200 oft-liand men, Imrgain work, Ac, 
i or ^-t>tiiR J -,^gQ^ j^^^^j^j^ jj^^ ^^^.^_ 

27,000 makes an avei-agre of 49i tons. 



This also gives a ¥617 encoui'acing' view of tbe state of the trade, and 
Uie advantapfP9 arisiii<r to the workmen frombeinpf better employed. For 
instance, if we refer to Clia]>tei' XVII, page 197, it will hn seen that in tlio 
year 1844 — and this statement is taken from a jirinted document — the 
total number of men and boys employed was S5,o83, and tbe vend then 
produced 9,023,022 tons. I'f, tberefb're, the vend with the nnmbcr of 
nanris etnployed be compai-ed with tbe vend and number of bands in 
1863, it will clearly prove that the workmen could not have been fully 
employed in 1844, for, instead of nrodncing no moi'e than 9,023,02^ 
tons, they ought to have produced 12,000,000, or more: besidcf, the 
averaire produce of the men and boys in 1844 was only 382^ ^onii, whili; 
in 1853 It was 494 tons. Thus I find that tbe inci-ea^e of underground 
woi-kmen from 1844 to 1803 is not n.ore than 3,000 altogether, whicli 
for nine years is only an increase of about 200. By taking into account 
the amount of work tbe 200 a-y ear estja bands could perform in the 
nine years, it ^how» that the same number of old hands in 1844 have 
evidently gone on gradually increasing per workman from 382,1 *o 4!)4 
tons yeaily, over a iwriod of nine years; but if we take the work of the 
bewers iilone, it will be seen tliat they averaged, in 1844, 764 J tons, 
while at tbe present time they average 1000 tons each •, rather more 
tbnn 8| tons daily. 

That gradual average increase will be seen as follows : — 



In 

Ilfwera 

Totul utiJerRTOund 
linnda, Ar. .... 


1845 lS40''^"'a~lR-lii 1850 

1 l^^l 1 


1 861 


1853 


1863 


1854 

U96 
4P4 


700 
TO4 


Cie S-I3 P08 
401^ 418 430 


Sd4 


920 
4.^4 


::: 


:: 



Notwithstanding, these statements being tnie, yet still it cannot be 
said tliat the men have anived at a fair uiaxiinum of work, as they ai'O 
quite capable of doinp moi-e, although both extra work and bighftf prices 
are given 10 tbem than in 1844. But it is ulso a siirpri^ii 



r fact, that 



• II muHt be rpcalkcUd (hat, in the year 1844, Die invD coinmcnci <1 an olietEnatu 
strike, wtiiclicuutiiiiiiil for lO^ici'i'ka; )>tit u]l:niiit< ly the; badtoj^iva in after enduring 
a ^eat loea to tlirmndvts and iHDiilieH: whilt, iia lh« other hand, thtt coal-ownera 
Huflerril gnu! Imt through llie strike, and at Ifiitrth had (o iutniducc, at (Trent eipcuae, 
new liaudB from roul mincH in Walrs, and aunitry li^ri mines and vatiouB other plarcfi. 



[xii] 

the hewei-s generally prefer working for 4s. 6d. or 5s. per six hours^ when 
they actually could earn 78^ in eight hours, when the demand for coals 
for shipment is great. If this disposition of the men be persevered in 
the consequence will be, that if tlie demand should hereafter increase, 
the workmen will either have to exert themselves, by breaking through 
the ill-advised rule they have adopted among themselves, or else tliey 
will find, in the end, that they will drive parties to get supplies at other 
distant districts ; or, on the other hand, the coal-owners of Durham and 
Northumberland will be driven to resort to more mechanical means, or 
introduce a sufficient number of liands from a distance to work the extra 
quantity of coal requii'ed. If that be so, the probability will be, that 
some reduction in the quantity of work performed by each underground 
hand, that is, at piece work, will ensue, to the detriment of the present 
local workmen, as the extra hands or coal-cutting machines that may be 
brought into the doal pits in this field will tend to reduce the wages of 
the present local staff. 



COAL-CXITTING MACHINE. 

About a month ago the writer was down one of the pits belonging to the Barl of 
Balcarresand Crawford, in company with Mr. Peace, the manager, who is the inventor 
of a machine for catting coal, worked by means of compressed air, with two 3|-inch 
oylinderi}, up to six-horse power — ^it was then finishing a piece of work it had been set 
to perform. 

— ^ On applying the flexible air-tube, about an inch in diameter, between the smaU 
metal air pipe and the machine, it commenced cutting the coal, and completed a piece 
of work 200 yards long, 5 yards wide, and 4| feet high, with wonderful alacrity, and 
without any visible means of producing so gfreat a power. 

The machine is very compact, being only about 3 feet long by 2 feet wide and 2 
feet high. It is so constructed that it will either travel on the rails of the tub carriage- 
way, or on the sill of the mine, by means of castors which are made to work in any 
direction by a man pushing it. The cutters move forward by their own power, four 
feet in leng-th, while the machine remains fixed. 

The inventor is now making one of 10-horse power, which will be better adapted 
for general use, it being so finished as to cut the blocks better fitted for market : the 
former one cuts perpendicularly and underneath the coal four feet — dust waste very 
little — the width of the cut being two inches. Machine No. 2, like No. 1, is a complete 
and very strong piece of workmanship, being wholly of iron, metal, and brass, is also 
eo adapted as to cut horizontally and vertically. This is a great advantage ; and being 
worked by compressed air, the refuse considerably improves the ventilation of the mine. 



